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For  most  farmers,  work  begins  in 
the  spring  when  more  than  350 
million  acres  of  cropland  are 
planted.  Giant  machinery  allows 
them  to  farm  many  times  more 
land  in  less  time.  One  farm 
worker  now  supplies  enough 
food  and  fiber  for  68  people,  a 
30  percent  increase  over  1 0 
years  ago. 
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Above,  an  Iowa  farmer  plants 
corn  with  a  16-row  planter  on 
terraced  land.  To  the  right,  a 
Maryland  farmer  checks  seed 
rate  on  land  he  is  seeding  to 
corn  with  a  no-till  planter. 
Following  planting  he  will  apply 
a  herbicide  to  control  weeds. 
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Conservation  tillage  —  where 
row  crops  are  planted  in  the 
residue  of  the  previous  crop  — 
often  eliminates  the  need  for 
cultivation  and  reduces  erosion. 
Soil  erosion  is  a  growing  menace 
as  more  land  is  converted  for 
row  crop  production. 


The  rich  land  and  water 
resources  of  the  U.S.  feed  not 
only  Americans  but  also  the 
people  of  other  nations.  Some 
question  our  ability  to  continue 
this  in  the  long  run. 


Left,  prime  farmland  is  flat  and 
fertile  —  the  best  we  have  for 
growing  crops.  It  is  also  the 
easiest  to  develop  for  non-farm 
purposes,  and  therefore  prime 
farmland  is  going  out  of  agri- 
culture at  a  disturbing  rate. 


Above,  the  Great  Plains,  a  region 
of  high  risks  and  low  rainfall,  is 
known  for  its  livestock,  wheat, 
and  rugged  ranchers.  From  it 
comes  30  percent  of  our  beef 
cattle  and  60  percent  of  our 
wheat. 


At  the  left,  wheat  ripens  in  the 
Nebraska  sun,  and  (above) 
combines  move  through  the 
Great  Plains  States.  Wheat  is 
grown  on  about  70  million  acres 
of  land  in  the  U.S.  About  one  third 
is  exported  to  foreign  nations. 
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In  the  past  20  years,  average 
corn  yields  in  the  U.S.  have 
jumped  from  54  to  109  bushels  an 
acre.  This  tremendous  increase 
can  be  credited  to  research, 
improved  farming  practices,  and 
excellent  weather  conditions. 
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Raising  beef  cattle  is  a  year- 
round  operation.  A  Colorado 
rancher  hauls  feed  to  his  cattle 
during  the  winter  and  (right)  a 
Missouri  farmer  checks  his  cattle 
for  disease  and  infection. 


xiv 


JOHN  WHITE 


Branding  cattle  is  a  springtime 
chore  on  most  cattle  ranches. 

A  Pennsylvania  dairy  farmer 
pauses  beside  a  portion  of 
his  1,800-head  Holstein  herd. 
Probably  more  than  any  other 
type  of  farming,  dairying  is 
most  demanding.  Cows  have  to 
be  milked  two  —  sometimes 
three  —  times  a  day.  every  day 
of  the  year. 
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Day-old  baby  chicks  are  delivered 
from  hatcheries  to  some  30,000 
farmers  who  grow  broilers  for 
a  living.  While  on  the  farm  the 
chicks  will  increase  their  weight 
some  60  fold,  from  one  ounce 
at  hatching  to  3%  pounds  at 
maturity  —  and  that  takes  just 
8  weeks.  Chicken  is  an  Ameri- 
can favorite  —  the  "average" 
American  eats  almost  40  pounds 
of  broilers  a  year. 
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The  Iowa  hog  farmer  above 
produces  enough  each  year  to 
satisfy  the  pork  needs  of  9,000 
people.  Pigs  go  to  market  when 
about  six  months  old  and  weigh 
about  200  pounds.  Sheep  are 
raised  for  both  wool  and  meat. 
Farmers  market  about  8  million 
head  a  year. 
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In  this  century,  soybeans 
account  for  the  single  most 
sensational  growth  among 
major  farm  products,  with  an 
acreage  increase  from  a 
million  in  1930  to  more  than 
70  million  acres  in  1979. 
Photographs  show  the 
young  plant  emerging,  the 
beans  beginning  to  fill  the 
pod,  and  the  mature  bean 
in  an  opened  pod. 


Farmers  harvested  2V4 
billion  bushels  in  1979, 
making  soybeans  one  of 
our  more  important 
export  crops. 
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Opposite  page:  The  problem  of 
transporting,  storing,  and  handling 
food  products  will  grow 
dramatically  in  the  future.  Pictured 
is  a  portion  of  the  Hunts  Point 
Terminal  Market  in  New  York 
where  900  tons  of  fresh  produce 
arrive  every  hour. 

The  largest  share  of  the  American 
food  dollar  is  spent  in  super- 
markets, and  most  meals  are 
prepared  at  home.  But  there 
is  a  growing  trend  —  especially 
when  both  spouses  work  outside 
the  home  —  to  eat  more  often  in 
restaurants  and  fast  food  outlets. 
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Growing  food  is  one  problem. 
Getting  it  to  where  it's  needed  is 
quite  another.  The  U.S.  depends 
on  trucks,  barges,  railroads,  and 
ships.  All  are  becoming  more 
expensive  or  are  being  phased 
out.  A  great  deal  of  U.S.  food  is 
now  containerized  —  hauled 
partly  by  truck  or  rail  and  then 
loaded  directy  on  ships. 
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The  United  States  and  United 
Nations  offer  various  food-aid 
programs,  especially  to 
developing  nations.  Such 
programs  are  designed  to 
improve  the  health  and 
economies  of  these  countries. 


The  U.S.  and  other  nations 
provide  techincal  help  to  many 
countries  so  they  may  become 
more  self-sufficient  in  food 
production.  In  developed  nations, 
USDA  sponsors  trade  shows  to 
encourage  more  sales  of  U.S. 
agricultural  products  abroad. 


Agricultural  research  has  an 
important  role  in  the  future  of 
American  farming.  At  the  Meat 
Animal  Research  Center  in  Clay 
Center,  Nebr.,  work  is  underway 
to  find  which  classes  of  beef 
cattle  produce  calves  that  grow 
faster  using  less  feed. 


A  USDA  horticulturist  holds  a 
potential  orchard  of  apple  trees 
that  were  produced  in  a  synthetic 
growth  medium.  Below,  gene 
transfer  from  one  plant  to 
another  will  enable  scientists  to 
develop  plants  that  are  insect 
and  disease  resistant  and  have 
more  nutritive  value. 


Below,  a  USDA  scientist 
conducts  experiments  that  may 
one  day  aid  in  developing  grassy 
plants  that  fix  their  own  nitrogen. 
At  the  right.  USDA  and  NASA 
scientists  work  on  landsat 
technology  that  some  day  will 
enable  them  to  determine  world 
crop  yields  by  satellite. 


Many  beneficial  insects  are  being 
used  in  the  biological  control  of 
those  insects  that  damage  food 
plants.  The  seven  spotted 
ladybird  beetle  has  been 
introduced  in  many  States  to 
control  harmful  aphids. 
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Release  of  sterilized  insects 
to  compete  with  native  insect 
populations  has  proven  to  be  an 
effective  weapon  against  some 
species.  Above,  a  plane  is  being 
loaded  with  sterilized  screwworm 
larvae  for  release  over  Mexico. 
Center,  sterilized  Mediterranean 
fruit  flies  (Medflies)  are  used  after 
spraying  operations  in  California. 
The  Medfly,  bottom,  poses  a 
serious  threat  because  it  lays 
its  eggs  in  a  variety  of  fruits 
and  vegetables. 
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Foreword 


Will  there  be  enough  food?  Knife  and  fork  economics  means  a 
lot  to  us  all.  We  want  plentiful,  good  food,  reasonably  priced. 
Yet  we're  quick  to  share  our  food  with  the  hungry  in  our  country 
and  abroad. 

Meals  by  the  millions  call  for  a  productive,  healthy  agriculture 
—  which  in  turn  means  jobs  —  jobs  by  the  millions  in  factories  and 
stores,  in  processing  and  storage,  in  finance  and  transportation, 
in  laboratories  and  offices,  in  supermarkets  and  fastfood  shops. 
Agriculture  keeps  the  wheels  of  the  economy  turning. 

Overseas,  American  food  is  major  markets  and  a  positive 
agricultural  balance  of  payments.  We  sell  much  more  food 
abroad  than  we  buy  from  foreign  nations.  With  the  difference  we 
can  buy  oil,  minerals,  and  other  non-food  products  that  are  used 
in  every  home. 

But  this  isn't  all  automatic.  And  good  times  and  good  food  today 
don't  assure  us  that  it  will  always  be  that  way. 

There  are  some  questions  to  be  answered  and  some  problems  to 
be  worked  on  the  land  and  in  the  food  chain.  Americans  —  farmers 
and  non-farmers  —  need  to  face  up  to  these  if  we're  to  keep  doing  a 
good  job  of  feeding  ourselves  and  helping  to  feed  the  world. 

Which  brings  us  back  to  that  pesky  question:  Will  there  be 
enough  food?  It  really  depends  on  you  —  and  others  like  you. 

Read  this  book  and  find  out  about  it. 


John  R.  Block 
Secretary  of  Agriculture 


Preface 

Jack  Hayes 
Yearbook  Editor 


This  1981  Yearbook  of  Agriculture  shows  how  U.S.  food  produc- 
tion, besides  filling  our  needs  for  good  food,  lines  the  pockets 
of  countless  Americans  by  providing  more  paychecks  than  any 
other  industry.  And  U.S.  food  helps  ease  hunger  —  and  discord  — 
around  the  world. 

The  question,  of  course,  is  whether  farmers  and  the  rest  of  this 
marvelous  mechanism  can  keep  doing  their  job.  Take  time  to  read 
about  this  compelling  issue  in  the  Yearbook.  Food  for  the  body,  food 
for  the  mind. 

Secretary  of  Agriculture  John  R.  Block  personally  chose  the  sub- 
ject of  this  book.  Spearheading  those  who  got  the  book  going  were 
Chris  Mosher,  Assistant  to  the  Secretary,  and  Claude  W.  Gifford, 
the  Agriculture  Department's  chief  information  officer. 

The  book  contains  a  variation  of  viewpoints. 

Denver  Browning  served  as  the  Yearbook's  assistant  editor,  and 
compiled  the  index. 

The  1981  Yearbook  Committee  planned  the  book.  Wayne  Ras- 
mussen  of  the  Economic  Research  Service  was  Chairman. 
Members,  by  agency,  were: 

Agricultural  Marketing  Service  —  James  Pearson,  Harold  Ricker 
Agricultural  Research  Service  —  Mary  Carter,  Paul  A.  Putnam 
Cooperative  State  Research  Service  —  Richard  Garner, 

Clare  I.  Harris 
Economic  Research  Service  —  William  D.  Anderson, 

David  Harrington,  George  Hoffman,  Kathryn  Zeimetz 
Extension  Service  —  Ovid  Bay 
Foreign  Agricultural  Service  —  J.  Don  Looper, 

Daniel  E.  Shaughnessy 
Office  of  Budget,  Planning,  and  Evaluation  —  Earle  Gavett 
Office  of  International  Cooperation  and  Development  — 

Dana  Dalrymple 
Office  of  Transportation  —  William  A.  Bailey 
Science  and  Education  —  Gary  Evans,  John  Stovall 
Soil  Conservation  Service  —  Hubert  Kelley,  Howard  Tankersley 
Washington  State  University  —  Terence  L.  Day 
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Section  One 

Prologue:  New  Thoughts  on  an  Old  Subject 


Food,  Famine,  and  a  Realistic  View 

By  J.  Dora  Looper 


To  Americans,  food  is  more  than 
necessary.  It  is  pleasurable,  socia- 
ble, satisfying,  perhaps  fattening. 
But  it  is  never  scarce— at  least  not  in 
the  memories  of  Americans  living  to- 
day. Only  in  the  last  decade  has  the 
notion  of  world  shortage  begun  to 
impinge  in  a  consistent  way  on  the 
national  consciousness. 

It  is  convenient  if  not  altogether 
realistic  to  think  of  this  change  as 
dating  from  July  8, 1972.  On  that  day 
the  leaders  of  the  Soviet  Union 
agreed  to  a  substantial  purchase  of 
U.S.  grains.  Actually  they  bought 
much  more  — spending  $1.1  billion  in 
one  year  instead  of  the  agreed-upon 
$750  million  in  three  years. 

These  purchases  were  dictated  as 
much  by  Soviet  political  decision  as 
by  the  crop  shortfall  in  that  country. 
Nevertheless  that  development, 
coupled  with  short  crops  in  other 
parts  of  the  world,  sharply  altered 
the  global  supply  picture.  These  and 
subsequent  events  may  also  have 
permanently  modified  America's 
complacence  with  respect  to  food 
abundance. 

In  1973,  world  crops  returned  to 
normal,  although  reduced  stocks  con- 
tinued to  be  worrisome,  leading  to  a 
short-lived  but  well-remembered 
U.S.  embargo  on  soybeans  and  re- 
lated products  that  summer.  In  1974 
an  even  more  shocking  event  took 
place:  America  the  Bountiful  ex- 
perienced a  shortfall  in  autumn- 
harvested  crops,  the  result  of  an 
unusually  late  spring,  summer 
drought,  and  early  frost. 


The  decline  was  relative — a  corn 
crop  down  17  percent  from  a  record 
crop  in  1973  and  a  soybean  crop  21 
percent  below  a  1973  output  of 
enormous  proportions.  Nevertheless, 
these  declines  created  uneasiness 
about  U.S.  supplies  and  nervousness 
about  Soviet  buying,  especially  of 
com.  This  brought  an  official  inter- 
ruption in  U.S.  corn  exports  to  the 
Soviet  Union  in  the  fall  of  1974  and 
again  in  the  summer  of  1975. 


800  Reporters 

Meanwhile,  in  November  1974,  130 
nations  joined  in  a  U.S.-proposed 
World  Food  Conference  in  Rome. 
Whatever  the  lasting  achievements 
of  that  Conference,  one  thing  is  sure: 
It  was  a  roaring  success  as  a  media 
event,  attracting  800  correspondents 
from  all  over  the  world  and  a  host 
of  non-governmental  organizations 
promoting  their  assorted  views. 
The  Columbia  Broadcasting  Sys- 


tem ordered  daily  coverage  on  its 
television  evening  news,  and  other 
networks  followed  the  CBS  lead.  In  a 
15-day  period,  world  food  subjects 
won  front  page  treatment  seven 
times  in  the  Washington  Post  and  10 
times  in  the  New  York  Times.  Those 
papers  and  a  dozen  other  major  met- 
ropolitan U.S.  dailies  sent  staff  re- 
porters to  Rome. 

But  that  was  enough.  A 
two-year  parade  of  human  tragedy, 


Americans  have  always  been  complaisant  about  food  abundance,  but 
world  shortages  in  the  1970's  began  to  change  the  thinking  of  many. 


highlighted  by  a  major  drought  in 
sub-Saharan  Africa,  had  used  up  the 
video  viewer's  attention  span.  In  this 
country,  and  worldwide  as  well,  the 
public's  concern  about  hunger  began 
to  moderate. 

As  1975  moved  toward  harvest, 
food  moved  back  to  the  farm  page, 
and  U.S.  farmers  returned  to  a  more 
traditional  concern  — what  to  do  with 
crops  that  promised  to  be  bumper 
and  prices  that  promised  to  be  lower. 
Both  promises  came  to  pass.  All  U.S. 
farmers  had  to  show  for  two  years  of 
famine  hysteria  was  a  3-year  decline 
in  grain  and  soybean  prices  and  a  30 
percent  decline  in  net  income. 

The  world  food  situation  improved 
steadily  following  the  1972-74 
period — even  when  measured  on  a 
per  capita  basis.  The  United  States 
set  new  production  records  for  5  con- 
secutive years  before  experiencing 


another  drought-affected  setback  in 
1980. 

Still,  events  of  the  1970's  had  taken 
a  toll  on  complacency,  even  among 
Americans  long  accustomed  to  think- 
ing of  food  abundance  as  being 
permanent— as  long  as  the  sun 
shines  and  the  Safeway  stands  on  the 
corner. 

Looking  back,  even  an  optimist 
had  to  recognize  that,  compared  with 
the  preceding  25  years,  the  1970's 
were  a  decade  of  slower  growth  in 
world  production  and  greater  ups  and 
downs  from  year  to  year.  Of  the  nine 
years  ending  with  1980,  world  pro- 
duction had  declined  rather  sharply 
in  four. 

Not  everyone,  moreover,  is  an  op- 
timist. The  subject  of  world  food  in- 
spires a  wide  divergence  of  views  on 
world  food  questions  at  any  given 
time.  What  is  the  likely  extent  of 


New  crop  production  records  were  set  in  the  United  States  during  the 
five-year  period  1974-79. 


hunger  and  malnutrition  in  the  fu- 
ture? What  should  be  done  about  it? 
How  much  of  the  responsibility  for 
change  should  bear  on  the  United 
States  and  other  developed  nations? 

Gloom  and  Doom 

Extreme  views  are  always  the  easiest 
to  explain  and  to  dramatize.  The  pes- 
simist can  argue  that: 

1.  World  population  continues  to 
grow,  and  the  world  obviously  cannot 
support  a  trend  line  that  continues 
upward  without  end. 

2.  While  per  capita  food  production 
has  risen  since  the  declines  of  1972 
and  1974,  this  is  mostly  a  reflection 
of  improvement  in  developed  coun- 
tries. Per  capita  production  is  almost 
stagnant  in  the  developing  countries. 

3.  Most  of  the  improvement  in  food 
consumption  has  stemmed  from  an 
expansion  in  trade— not  from  any 
general  improvement  in  self- 
sufficiency  in  poorer  countries.  And 
the  United  States  has  provided  most 
of  the  increase  in  trade.  In  ten  years, 
U.S.  exports  of  grains  and  oilseeds 
have  doubled  in  volume. 

4.  The  agricultural  resource  base  is 
diminishing,  and  expanded  produc- 
tion is  increasingly  taxing  to  soil  and 
water  resources.  Most  of  the  U.S. 
farmland  held  out  of  production  in 
the  1950's  and  1960's  has  now  been 
returned  to  crops;  meanwhile,  farm- 
land is  being  lost  to  other  uses  at  the 
rate  of  3  million  acres  a  year. 

5.  The  expansion  in  U.S.  produc- 
tion since  World  War  II  is  traceable 
to  an  explosion  in  the  development 
and  adoption  of  new  research  and 
technology,  and  we  have  now  reached 
a  scientific  plateau.  New  develop- 
ments comparable  to  hybrid  corn,  for 
example,  will  be  few  and  far  between. 

Those  arguments  are  heard  in  one 


form  or  another  from  the  alarmist  or 
"faminist"  school  of  hunger  thinkers. 
At  the  other  end  of  the  spectrum  is 
the  "foodaplenty"  school.  Both  the 
faminists  and  the  plentyists  can 
point  to  history  in  support  of  their 
arguments. 

Famines  are  as  old  as  the  12th 
chapter  of  Genesis,  when  Abraham 
went  down  to  Egypt  "and  there  was  a 
famine  in  the  land."  No  doubt  hun- 
dreds of  famines  have  been  lost  to 
history,  but  the  record  of  just  the  last 
thousand  years  is  tragic  enough. 

In  1125  a  famine  reduced  by  half 
the  population  of  Germany.  Hungary 
experienced  unspeakable  hardship  in 
1505.  England  records  a  terrible 
famine  in  1586.  Germany  had 
another  famine  in  1817,  and  in  1870- 
72  Persia  lost  a  fourth  of  its  popula- 
tion to  hunger. 

Some  10  million  Chinese  died  of 
starvation  in  1877-78.  Famines  in 
India  took  3  million  lives  in  1769-70, 
one  and  a  half  million  in  1865-66, 
and  a  half  million  in  1877.  In  1891-92 
a  Russian  famine  brought  hardship 
to  27  million  people. 

But  these  were  food  famines, 
caused  by  local  or  regional  failures  in 
food  production  as  a  result  of  weather 
and/or  pestilence.  What  the 
faminists  are  talking  about  now  is 
the  prospect  of  world  famine  result- 
ing from  a  global  population  that 
overruns  our  ability  to  produce  food. 
That's  what  Malthus  had  in  mind 
when  he  published  his  classic  study 
in  1798. 

The  Rosy  View 

The  plentyist  says  the  Malthus 
theory  has  never  panned  out.  The 
faminist  says  that  one  of  these  days 
Malthus  will  turn  out  to  be  right. 
The  plentyist  says  mankind  will  not 


accept  that  kind  of  inevitability— if 
there's  a  problem  there  has  to  be  a 
solution— and  he  answers  the 
faminist  point  by  point: 

1.  Obviously  the  world  must  bring 
population  growth  under  control— for 
many  reasons  —  and  it  will  do  so 
helped  by  economic  growth  in  the 
poorer  countries.  In  20  years,  the 
world's  annual  population  growth 
rate  has  fallen  from  2  percent  to  1.8 
percent,  with  developed  and  centrally 
planned  countries  accounting  for  all 
of  the  improvement.  The  developed 
nations  as  a  group  have  a  population 
growth  rate  below  .8  percent. 

2.  There  is  a  huge  potential  for  im- 
proved food  production  in  the  de- 
veloping countries  along  with  im- 
provement in  purchasing  power. 

Many  of  these  countries  have  al- 
ready shown  gratifying  progress  — 
improving  agricultural  production 
and  food  consumption  over  the  past 
decade  and  assuring  greater  supplies 
in  years  of  production  shortfall.  They 
include  India,  Bangladesh,  the  Phil- 
ippines, Argentina,  Brazil,  and 
Colombia— countries  whose  popula- 
tions total  almost  one  billion. 

3.  International  trade,  now  ac- 
counting for  less  than  15  percent  of 
the  food  consumed  in  other  countries, 
may  well  increase  in  importance. 
This  is  all  to  the  good,  reflecting 
greater  efficiency  in  production  and 
improved  variety  and  quality  in 

the  human  diet. 

The  United  States  has  the  capacity 
and  the  need  to  substantially  expand 
its  agricultural  exports,  a  recognized 
U.S.  policy  objective.  In  the  short 
term  at  least,  the  United  States  is 
worried  more  about  competition  from 
other  exporters  than  about  its  ability 
to  meet  export  demand. 

4.  Those  who  belittle  the  opportunity 


to  bring  additional  land  into  food 
production  are  underestimating  the 
potential  in  the  non-Communist 
world. 

It  may  be  true  that  Eastern  Europe 
and  the  USSR  have  little  potential 
for  further  expansion.  But  other  de- 
veloped countries  and  the  developing 
world  including  China  have  a  sub- 
stantial opportunity  to  expand  crop 
area. 

This  is  especially  true  in  the  West- 
ern Hemisphere  and  in  tropical  Africa. 
The  United  States,  for  example,  has 
a  cropland  area  of  some  413  million 
acres  with  an  additional  127  million 
acres  identified  as  land  of  high  and 
medium  potential,  according  to  the 
1977  National  Resource  Inventory. 
With  only  some  360  million  acres 
now  being  harvested,  there  is  obvi- 
ously additional  land  that  could  be 
brought  into  production  given  suffi- 
cient price  incentives  to  farmers. 

5.  The  argument  that  the  scientific 
advances  available  to  agriculture 
have  now  topped  out  resembles  the 
19th  Century  fear  that  "when  we  run 
out  of  whale  oil,  the  world  will  be 
plunged  into  darkness."  Actually, 
the  pace  of  scientific  innovation  is 
accelerating  to  the  point  of  mind- 
bogglement,  and  many  of  these 
advances  will  affect  food  production. 
Perhaps  the  most  obvious  implica- 
tions are  in  the  science  of  biotechnol- 
ogy, with  its  potential  for  modifying 
plant  and  animal  heredity.  But  micro- 
science,  materials  research,  solid 
state  electronics,  and  other  avenues 
of  research  also  promise  new  tools 
for  progress  in  the  food  sciences. 

Most  Americans  can  find  a  place 

Continued  demand  for  agricultural 
exports  could  diminish  our  resource 
base  by  accelerating  soil  erosion  and 
depleting  groundwater  supplies. 


Since  the  U.S.  cannot  feed  the 
world,  ways  must  be  found  to 
increase  production  within 
developing  countries  —  possibly 
through  accelerated  technical 
assistance. 

between  these  polar  positions.  The 
most  optimistic  of  us  must  recognize 
that  the  world  faces  serious  food 
problems  requiring  the  best  efforts  of 
the  best  minds  in  many  disciplines. 
The  most  pessimistic  of  us  will 
realize  that  these  forces  are  already 
at  work,  that  people  are  problem- 
solving  animals,  and  that  they  are 
accustomed  to  winning. 

Focus  on  Trade 

Especially  in  America,  the  coming 
decade  will  see  increasing  attention 
to  the  effects  of  agricultural  trade  on 
the  Nation's  land  and  water  re- 
sources and  the  environment. 


Federal  and  cooperative  efforts  in 
research  and  conservation  are  being 
intensified  to  assure  future  produc- 
tive ability  and  resource  protection 
without  sacrificing  the  production  of 
food  that  the  world  needs  and  the 
United  States  needs  to  sell.  After  all, 
if  we  should  stop  exporting,  all  the 
cropland  in  eight  Midwestern  States 
could  be  turned  into  one  vast  na- 
tional park— with  entrances  near 
Cleveland,  Kansas  City,  and  Grand 
Forks,  N.D. 

Overseas  sales  are  a  key  element 
in  the  improvement  of  U.S.  agricul- 
tural income,  the  general  economy, 
and  the  Nation's  international 
economic  position.  Conversely,  im- 
proved farm  income  — the  price 
incentive  — is  a  key  to  greater  food 
production  in  the  future,  an  assured 
source  of  supply  for  American  con- 
sumers, and  the  continued  applica- 
tion of  sound  conservation  practices 
on  the  land. 

In  any  case,  American  agriculture 
can  not  feed  the  world.  The  export  of 
U.S.  crops  will  continue  to  be  essen- 
tial, but  by  no  means  can  it  become 
the  total  solution  to  the  world  food 
problem.  Ways  must  be  found  to  ex- 
pand planted  area,  increase  yields, 
and  improve  the  quality  of  food  pro- 
duced within  the  developing  coun- 
tries. Ways  must  be  found  to  manage, 
store,  and  distribute  these  products 
to  the  end  that  they  actually  find 
their  way  into  hungry  stomachs. 

As  in  America,  this  will  require  in- 
centives to  those  who  do  the  work 
and  take  the  risk.  That  may  be  what 
the  subject  of  food  is  mostly  about- 
incentive. 


A  uthor  J.  Don  Looper  is  Director, 
Information  Division,  Foreign 
Agricultural  Service. 
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Farming  and  U.S.  Well-Being  Through  the  Years 

By  W.B.jSundquist     # 


T 


Almost  375  years  have  passed 
since  the  initial  settlement  of  the 
Virginia  Colony  on  the  Jamestown 
Peninsula  in  1607.  And,  throughout 
this  period,  U.S.  agriculture  has 
played  a  key  role  in  the  well-being 
of  our  Nation's  population. 

Colonial  agriculture  was  a  rugged 
hand-labor  process  because  the 
machinery  and  equipment  to  ease 
the  burden  of  labor  had  not  yet  been 
invented.  Moreover,  primitive  trans- 
portation and  communication  sys- 
tems of  that  day  made  an  organized 
marketing  system  for  farm  products 
virtually  impossible.  As  a  result, 
most  people  were  involved  in  some 
kind  of  agricultural  production  if 
only  to  produce  some  of  the  food  they 
needed  for  their  own  survival. 

By  early  in  the  17th  century,  U.S. 
agriculture  had  accepted  what  were 
to  be  its  dual  long-term  roles  of  (1) 
feeding  a  growing  local  population 
and  (2)  producing  goods  for  trade  and 
export. 

Borrowing  from  the  know-how  of 
the  local  Indians  and  using  the  crude 
tools  available  to  them,  colonial  farm- 
ers produced  corn  as  their  staple  food 
crop  and  tobacco  for  export.  Virginia, 
Maryland  and  North  Carolina  led 
the  way  in  production  of  tobacco, 
while  corn  was  grown  throughout  the 
Colonies.  Later  on  Southern  planta- 
tion growers  added  rice  and  cotton 
to  their  list  of  export  crops.  Other 
cereal  grains  and  livestock  products 
soon  augmented  corn  in  the  local  diet 
and,  by  1700  or  so,  these  products 
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Colonial  artists  romanticized  American  agriculture.  In  reality  it  required 
long  hours  of  rugged  hand  labor.  Transportation  and  communication 
systems  were  primitive. 
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Horses  and  mules  were  the  farmers'  primary  source  of  power  until  the 

early  1900s.  They  numbered  27  million  head  during  World  War  I  and  dropped 

to  less  than  8  million  by  1950  when  tractor  power  came  into  its  own. 


were  traded  locally  throughout  the 
Colonies. 

By  1775,  on  the  eve  of  the  War  for 
Independence,  expanded  production 
of  tobacco  leaf,  mainly  for  sale  to  Eng- 
land, had  pushed  export  levels  for 
that  crop  to  over  100  million  pounds. 
But  the  production  of  tobacco,  and  of 
all  other  crops,  remained  labor  inten- 
sive as  humans  and  animals  alike 
shared  their  common  task  as  beasts 
of  burden. 

Contrast  with  Others 

In  contrast  to  Western  Europe  and 
Japan  where  additional  land  for 
farming  was  scarce,  the  growth  proc- 
ess for  American  agriculture  was, 


for  a  long  period  following  independ- 
ence, mainly  one  of  settling,  clearing, 
breaking  and  planting  new  land. 
Thus,  little  attention  was  given  to 
increasing  output  per  acre  as  Ameri- 
ca's farm  population  moved  west 
to  occupy  the  vast  spaces  beyond 
the  Appalachians.  But,  some  other 
changes  in  farm  technology  did  occur. 

The  early  1800's  brought  develop- 
ment of  the  plow  and,  by  the  mid- 
decades  of  the  19th  century,  other  till- 
age machines  and  mechanical  plant- 
ers, grain  reapers  and  threshers  had 
replaced  the  hoe  and  scythe.  This 
eased  the  labor  burden  in  farming 
tremendously  and  spawned  develop- 
ment of  a  supporting  farm  machinery 
industry. 
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It  was  not  until  the  beginning 
of  the  20th  century,  however,  that 
mechanical  power  began  to  replace 
animal  power  in  any  significant 
amount.  Once  underway,  the  process 
of  replacing  draft  animals  with  trac- 
tors moved  quickly  to  near  comple- 
tion within  the  decade  following  the 
end  of  World  War  II.  Horses  and 
mules  totaled  about  27  million  head 
at  the  time  of  World  War  I  and  by 
1950,  the  substitution  of  tractors  had 
driven  their  numbers  down  to  less 
than  8  million. 

With  the  coming  of  the  industrial 
revolution  to  the  United  States  in 
the  late  18th  century  and  throughout 
the  19th,  new  job  opportunities  were 
created  off-the-farm.  And,  farm- 


reared  youth  and  income-hungry 
farmers,  together  with  new  immi- 
grants, were  the  labor  pool  from 
which  other  economic  sectors  such  as 
manufacturing,  transportation  and 
mining  were  staffed.  Thus,  the 
pressures  to  mechanize  American 
agriculture  and  to  upgrade  the 
productivity  of  farm  workers  came 
from  three  major  sources: 

■  The  loss  of  farmers  and  farm 
workers  through  their  migration  to 
other  employment  opportunities, 

■  The  opening  of  vast  new  lands 
to  the  West  for  farming,  and 

■  The  needs  of  the  individual 
farmer  to  expand  the  size  of  his  farm 
in  order  to  produce  more  to  earn 
more.  The  latter  pressure  for 
mechanization  continues  to  this  day. 

The  last  half  of  the  19th  century 
was  the  period  when  farmers  settled 
much  of  the  vast  land  area  from  the 
Great  Plains  west.  The  Homestead 
Act  of  1862,  grants  to  the  States  and 
railroads,  sales  of  land  at  public  auc- 
tion and  other  major  land  disposal 
acts  all  played  key  roles  in  disposing 
of  some  500  million  acres  of  public 
domain  between  1860  and  1900. 
Thus,  though  the  land  base  of  U.S. 
farming  expanded  even  into  the  20th 
century,  the  100-year  period  from 
1880  to  the  present  merits  review 
because  of  the  dramatic  changes 
which  occurred  in  agricultural 
productivity  during  that  century. 

Farm  Population 

In  1880  the  U.S.  farm  population 
stood  at  22  million,  or  about  44  per- 
cent of  the  total  U.S.  population,  and 
total  farms  numbered  about  4  mil- 
lion. By  1910  both  farm  population 
and  farm  numbers  had  almost 
peaked  at  32  million  and  6.4  million 
respectively.  It  was  not,  however, 


13 


*Wtyf  ."3 


9 
b 


— — "  -  -  ■-■ .    **^  "*  Mr   ■' ***_. 

As  a  result  of  the  Homestead  Act,  farmers  migrated  from  the  East  to 
establish  agriculture  as  a  viable  industry  in  the  West. 
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During  the  1900s  machine-power  rapidly  replaced  manpower  on 
America's  farms  and  ranches.  In  1880  it  took  373  hours  of  labor  to 
produce  100  bushels  of  wheat.  Today  it  takes  less  than  10. 
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until  the  drought  and  depression  of 
the  1930's  that  both  reversed  direc- 
tion to  begin  the  sharp  decline  to 
their  dramatically  lower  current 
levels. 

By  1979  the  farm  population  of  6.2 
million  represented  less  than  3  per- 
cent of  the  total  population,  or  only 
about  1  person  in  35.  And  farm  num- 
bers had  dropped  to  2.4  million,  or 
only  slightly  more  than  one-third  of 
their  all-time  high  in  the  mid  1930's. 

Not  all  of  these  farm  people  left 
agricultural  pursuits  voluntarily, 
however.  Many  were  driven  out  by 
inadequate  resources  and  low  in- 
comes. Others  were  displaced  by  such 
technologies  as  the  mechanical  cot- 
ton picker,  the  tomato  harvester  and 
others.  Those  farms  which  remained 
grew  in  size,  in  productivity  and  in 
technological  sophistication  in  order 
to  provide  food  and  fiber  for  rapidly 
growing  domestic  and  foreign 
markets. 

Labor  Use  in  Farming 

The  tremendous  gains  in  agricultural 
labor  efficiency  during  the  past  cen- 
tury can  be  quickly  perceived  by 
viewing  the  labor  requirements  for 
producing  key  crops  in  1880  and 
again  in  the  1970's. 

In  1880  U.S.  farmers  used  180  man 
hours  of  labor  to  produce  100  bushels 
of  corn  through  harvest.  This  re- 
quirement had  dropped  44-fold  to 
only  4  hours  by  1974-78. 

Comparable  labor  requirements  for 
wheat  were  373  hours  in  1880  and  10 
hours  in  1974-78,  a  36-fold  reduction, 
and  the  labor  requirement  of  more 
than  300  hours  to  produce  a  bale  of 
cotton  in  1880  dropped  by  27-fold  to 
11  hours  in  1974-78. 

Though  smaller  percentage-wise 
than  for  field  crops,  major  declines  in 


labor  requirements  also  occurred  in 
the  livestock  sector.  Chicken  broiler 
and  turkey  producers  led  the  way 
with  declines  of  over  2,000  percent 
in  man-hour  requirements  per  hun- 
dredweight produced  between  1940 
and  1970  alone.  And  major  gains  in 
labor  productivity  were  made  for 
swine  and  dairy  production  and  for 
cattle  feeding. 

These  tremendous  increases  in 
labor  productivity  in  agriculture 
were  not  achieved  without  a  cost, 
however.  New  technology  had  to  be 
developed  in  the  Land  Grant  Univer- 
sities in  the  U.S.  Department  of  Ag- 
riculture (USDA)  and  in  the  private 
agribusiness  sector.  Farmers  had  to 
adopt  this  technology  and  learn  how 
to  use  it.  Moreover,  farmers  had  to 
substitute  large  quantities  of  capital 
for  labor.  Many,  unable  to  make  this 
adjustment,  left  farming. 

Input  Mix  in  Farming 

In  1880  labor  represented  an  esti- 
mated 62  percent  of  the  total  inputs 
(value  weighted  basis)  used  in  U.S. 
agriculture  and  real  estate  and  capi- 
tal inputs  totaled  19  percent  each.  By 
the  beginning  of  World  War  II  the 
labor  input  had  declined  to  40  per- 
cent of  the  total,  capital  had  risen 
to  41  percent  and  real  estate  had 
remained  relatively  constant  at 
18  percent. 

But  the  most  rapid  change  in  farm 
inputs  was  to  come  after  World  War 
II.  By  1976  labor  had  declined  to  16 
percent  of  total  inputs,  real  estate 
increased  slightly  to  22  percent  and 
capital  had  jumped  to  62  percent. 

Thus,  over  the  period  of  the  last 
century,  production  agriculture 
shifted  from  a  labor  intensive  pro- 
duction sector  to  a  capital  intensive 
one. 
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Excluding  farm  real  estate,  the 
capital  component  of  agriculture  in 
1880  was  made  up  mainly  of  machin- 
ery, feed,  seed  and  livestock.  Pur- 
chased inputs  were  used  only  spar- 
ingly by  farmers  and  agricultural 
chemicals  were  almost  nonexistent. 
The  widespread  use  of  agricultural 
chemicals  (particularly  fertilizer 
and  pesticides)  is,  in  fact,  mainly 
a  post- World  War  II  phenomenon  as 
the  index  of  their  use  increased 
more  than  eight-fold  between  1945 
and  1979.  And  mechanical  power 
and  machinery  inputs  more  than 
doubled  during  this  same  period. 

Thus,  adjustments  in  the  post- 
World  War  II  mix  of  farm  inputs  have 
been  heavily  to  purchased  inputs, 
and  the  farm  machinery  and  agricul- 
tural chemical  industries  have  grown 
rapidly  to  become  major  economic 
sectors  in  their  own  right.  These  ad- 
justments were  clearly  induced  in 
no  small  part  by  cheap  fossil  source 
energy  and  by  the  rising  real  cost 
of  labor.  They  have  resulted  in  a 
high  degree  of  oil  dependence  by  U.S. 
agriculture. 

The  Farming  Business 

In  the  process  of  becoming  a  capital 
intensive  economic  sector,  agricul- 
ture has  taken  on  many  characteris- 
tics of  other  "value-added"  economics 
sectors  with  high  capital  expendi- 
tures, both  for  long-term  investments 
in  plant  and  equipment  (feedlots, 
machinery  and  power,  irrigation 
equipment,  etc.),  and  for  short-term 
operating  expenditures  (fuel,  fer- 
tilizer, chemicals,  etc.). 

Along  with  the  tremendous  shifts 
in  input  mix  in  farming  there  has 
been  an  increase  in  size  of  farms  and 
in  degree  of  specialization.  Average 
acres  per  farm  about  doubled  to  over 


400  acres  between  1950  and  1979 
alone.  The  size  of  "operating  units" 
increased  much  more.  Most  family- 
scale  commercial  farms  now  utilize 
capital  resources  (including  real  es- 
tate) of  $500,000  or  more.  And,  a  re- 
source base  of  $2  to  $3  million  is  not 
unusual.  Moreover,  in  1979  farms 
with  sales  of  $200,000  and  over  ac- 
counted for  43  percent  of  all  cash  re- 
ceipts. Thus,  farming  today  is  big 
business. 

As  a  consequence,  farmers  are  now 
concerned  with  many  of  the  same  in- 
vestment decisions  and  cash  flow 
problems  of  other  businesses. 
Moreover,  they  share  with  other 
businessmen  the  uncertainties  of 
the  market  place  for  their  purchased 
inputs  and  for  their  final  products. 
This  uncertainty  has  sped  the  formal 
integration  of  the  input  supply- 
production-product  marketing  stages 
in  agriculture. 

In  addition,  however,  farmers 
find  themselves  faced  with  a  rather 
unique  set  of  exposures  to  1)  the 
biological  processes  of  plants  and 
animals,  and  2)  the  natural  envi- 
ronment, with  their  attendant  com- 
plex risks  and  uncertainties  of  dis- 
eases, insects,  droughts,  hailstorms 
and  the  like.  Moreover,  in  order  to 
survive  economically,  farmers  have 
had  to  add  high-level  financial  man- 
agement skills  to  go  with  those 
of  increased  technical  expertise. 

Farm  Output  Changes 

Farm  output  in  the  United  States 
doubled  in  the  50  years  from  1880  to 
1930.  And  1979  found  farm  output 
about  2¥s  times  its  1930  level.  While 
most  of  the  increase  in  output  prior 
to  1930  was  due  to  farming  addition- 
al land,  almost  all  the  post-1930 
increase  is  attributable  to  other 
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Soybean  production  in  the  U.S.  rose  from  one  million  acres  in  1930  to 
more  than  70  million  acres  in  1979,  the  greatest  growth  among  major 
farm  products. 


sources.  In  fact,  the  348  million  acres 
of  crops  harvested  in  1979  were  about 
6  percent  fewer  than  those  harvested 
in  1930. 

Most  categories  of  agricultural 
products  grew  in  volume  over  the 
century  of  1880-1979  though  the 
production  of  some,  such  as  cotton, 
varied  greatly  during  that  period. 
Between  1910  and  1979  alone,  dairy 
production  doubled,  meat  animal 
production  increased  by  almost  150 
percent  and  poultry  products  grew  by 
over  400  percent.  On  the  crops  side, 
feed  grain  production  almost  tripled 


and  food  grain  production  more 
than  quadrupled. 

But  the  single  most  sensational 
growth  among  major  farm  products 
occurred  for  soybeans.  The  soybeans 
for  bean  acreage  in  1930  totaled  only 
about  1  million  with  a  total  produc- 
tion of  about  14  million  bushels.  In 
1979,  acreage  exceed  70  million  and 
production  exceeded  2V4  billion 
bushels! 

The  rapid  growth  of  the  soybean 
crop  was  undergirded  by  a  much 
expanded  demand  from  both  1)  the 
modernizing  livestock  sector  for 
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high  protein  feed  supplements,  and 
2)  the  human  food  sector  for  edible 
vegetable  oils.  Thus,  when  provided 
economic  inducements  to  do  so,  U.S. 
farmers  have  been  able  to  make 
major  shifts  in  farm  production, 
particularly  for  field  crops. 

In  colonial  days  much  of  a  farmer's 
production  went  directly  into 
consumption  on  the  farm  or  in  the 
local  community.  By  1840,  an  exten- 
sive canal  system  moved  some  farm 
produce  to  markets  but  at  a  high  per 
unit  cost. 

Rail  Network 

By  1860,  a  railroad  network  linked 
the  country  east  of  the  Mississippi. 
And  by  the  end  of  the  19th  century 
a  rail  transportation  system  was 
largely  in  place  to  move  agricultural 
produce  to  distant  domestic  and 
foreign  markets  or  to  intermediate 
points  for  processing  or  storage. 

This  transportation  system  was 
among  the  early  components  of  what 
was  to  become  a  major  off-farm  ag- 
ribusiness system.  Initially  these 
businesses  were  mainly  involved  in 
the  processing  and  marketing  of  farm 
products.  Later,  the  farm  supply 
businesses  were  to  grow  tremen- 
dously as  farmers  purchased  more- 
and  more  of  their  inputs  from 
ofT-the-farm. 

A  century  ago  a  very  high  propor- 
tion of  total  employment  in  the 
United  States  (about  50  percent)  was 
in  agriculture.  Gainful  workers  in 
agriculture  totaled  8.6  million  per- 
sons at  that  time  and  most  were  em- 
ployed on  the  farm,  since  the  complex 
modern-day  marketing  and  food  proc- 
essing systems  were  yet  to  evolve. 

As  of  1978,  however,  agriculturally 
related  employment  had  grown  to 
about  22.4  million,  of  whom  only  3.4 


million  were  employed  in  production 
agriculture.  In  addition,  7.2  million 
persons  were  employed  in  agricul- 
turally related  transportation,  trade 
and  retailing;  4.8  million  in  man- 
ufacturing; 1.7  million  in  food  pro- 
cessing; and  2.2  million  in  resource 
and  service  jobs  related  to  agricul- 
ture. This  aggregate  employment  in 
1978  represented  about  22.3  percent 
of  the  total  U.S.  labor  force. 

By  1978  the  estimated  bill  for 
marketing  domestic  farm  foods  alone 
had  grown  to  $140  billion,  or  more 
than  two-thirds  of  the  $207  billion 
which  consumers  spent  for  these 
foods. 

Production  agriculture  has  cut  its 
labor  force  dramatically.  But  between 
1968  and  1978  alone,  marketing 
workers  handling  food  produced  on 
U.S  farms  increased  by  over  30  per- 
cent with  away-from-home  eating  es- 
tablishments being  the  single  most 
rapidly  growing  component  of  the 
food  marketing  system.  The  cost  of 
labor  remains  the  largest  component 
(often  around  50  percent  or  more)  of 
the  cost  of  transporting,  processing 
and  distributing  food. 

A  century  ago,  in  1880,  agricultur- 
al products  dwarfed  those  from  other 
sectors  in  their  economic  importance 
in  U.S.  trade.  Totaling  $694  million, 
agricultural  exports  were  84  percent 
of  the  value  of  total  domestic  exports. 

But  the  U.S.  economy  grew  rapidly 
in  its  production  of  non-agricultural 
goods.  And,  though  growing  in  total 
dollar  value  over  time,  agricultural 
exports  declined  to  62  percent  of  total 
exports  by  1900,  to  32  percent  by 
1930,  and  to  16  percent  by  1970. 


In  1979,  the  United  States 
exported  more  than  a  third  of  its 
total  agricultural  production. 
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In  1970  agricultural  exports  to- 
taled about  $6.7  billion.  Then,  follow- 
ing the  tight  supply-high  price  situa- 
tion for  grains  on  a  world-wide  basis 
in  1973-74  they  moved  up  sharply  to 
over  $40  billion  and  to  about  20  per- 
cent of  total  U.S.  exports  in  1980. 

Exports  A  Beacon  of  Hope 

In  a  generally  bleak  current  trade- 
balance  situation  for  the  United 
States,  the  trade-balance  surplus 
generated  by  agricultural  products 
stands  out  like  a  beacon  of  economic 
hope.  This  trade  balance  is  evidence 
of  the  strong  comparative  economic 
advantage  of  U.S.  farmers  in  world 
production  of  grains  and  soybeans. 

In  fact,  in  1979  the  U.S.  share  of 
world  soybean  exports  was  82  per- 
cent; for  coarse  grains,  67  percent;  for 
wheat,  41  percent;  and  for  cotton,  37 
percent.  Of  the  164  million  metric 
tons  of  U.S.  agricultural  exports 
in  1980,  feed-grains  led  the  way 
volume-wise  with  72  million  metric 
tons,  wheat  (including  flour)  was 
next  with  37  million  metric  tons,  and 
soybeans  were  third  with  24  million 
metric  tons.  The  United  States,  in 
exporting  over  one-third  its  total 
agricultural  production  in  1979, 
exported  over  half  of  its  wheat, 
rice,  soybeans  and  cotton  production. 

U.S.  imports  of  agricultural  prod- 
ucts totaled  $315  million  or  47  per- 
cent of  all  imports  on  a  value  basis  in 
1880.  Though  increasing  on  a  total 
current-dollar  basis  over  time  to  a 
total  of  $17.4  billion  in  1980,  they 
represented  only  7  percent  of  total 
U.S.  imports  in  that  year,  leaving  a 
net  favorable  trade  balance  in  ag- 
ricultural products  of  between  $23 
billion  and  $24  billion.  Moreover,  a 
substantial  proportion  of  agricultural 
imports  were  of  products  such  as  cof- 


fee, tea,  bananas,  and  other  products 
not  grown  in  the  United  States. 

One  measure  of  the  strong 
economic  performance  of  U.S.  ag- 
riculture over  the  past  century  has 
been  its  ability  to  provide  food  for 
domestic  consumers  at  decreasing 
real  prices.  Limited  data  for  the 
period  1888-1891  indicate  that  con- 
sumers spent  about  40  percent  of 
their  income  for  food  at  that  time. 
During  the  period  of  1930-1960  this 
percentage  ranged  from  20  to  24 
percent.  But  from  1971  to  1980  the 
proportion  of  total  disposable  person- 
al income  spent  for  food  dropped  to  a 
range  of  between  16.2  and  17  percent. 

Costs  to  Consumer  Cut 

Thus  the  U.S.  agricultural  system 
has  provided  a  broad  variety  of  food 
to  consumers  at  decreasing  real  cost. 
And  along  with  this  food,  today's  con- 
sumers receive  much  more  in  the 
way  of  services  (processing,  packag- 
ing and  preparation)  than  did  their 
counterparts  in  1880. 

Some  individuals  and  families  in 
the  United  States  even  today  have 
inadequate  income  for  food  purchase. 
Some  others,  either  by  ignorance  or 
personal  choice,  have  a  diet  which  is 
inadequate  nutritionally.  And  some 
issues  of  food  safety  and  nutrition 
exist  which  will  not  be  solved  im- 
mediately. But  U.S.  agriculture  has 
demonstrated  clearly  its  capacity  to 
produce  food  not  only  to  service  the 
food  requirements  of  domestic  con- 
sumers but  for  an  increasing  number 
of  foreign  consumers  as  well. 

Any  statistical  depiction  of  the 
developmental  history  of  U.S.  agri- 
culture will  be  deficient  in  its  en- 
lightenment. It  cannot  capture 
adequately  the  human  struggle  of 
the  people  involved  or  the  signifi- 
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cance  of  key  individual  events.  For 
that  reason  several  generalizations 
may  be  warranted  in  restrospect. 

First,  U.S.  agriculture  was  richly 
endowed  with  natural  and  human  re- 
sources. The  strong  natural  resource 
base  of  land,  water  and  climate  per- 
mitted a  productive  agriculture  to 
evolve.  An  industrious,  productive 
labor  force  was  enticed  into  using 
these  resources. 

Second,  an  effective  infrastructure 
of  public  services  (research,  educa- 
tion, governmental  institutions,  etc.) 
evolved  to  support  the  productivity 
of  the  land  and  labor  inputs  in 
agriculture. 

Third,  the  private  sector,  in  the 
form  of  small  businesses,  corpora- 
tions and  cooperatives,  played  a  key 
role  in  supplying  agriculture  with 
needed  production  inputs,  marketing 
services  and  applied  technology. 

Much  of  the  support  system  sup- 
plied to  agriculture  by  both  the  public 
and  private  sectors  was  not  systemat- 
ically planned  in  advance  but  was 
induced  by  economic  crisis  or  finan- 
cial incentive  and  implemented  by 
human  ingenuity  or  political  pres- 
sure. Yet,  in  accomplishment,  this 
total  agricultural  system  has  far  out- 
paced that  of  most  other  countries. 
And  we  are  all  the  beneficiaries  of  it. 
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A  World  That's  Fed  Better  Than  Ever  Before  £._ 

By  Wayne  Dl  Rasmussen 


CClAf  hat  is  the  world  coming  to?" 

WW  The  answer,  if  we  are  talking 
about  the  food  that  every  one  of  us 
needs  every  day,  is  "a  better  place 
than  ever  before."  Fewer  people  in 
the  world  die  of  famine  each  year,  not 
as  many  suffer  from  malnutrition, 
and  more  enjoy  diversified  healthful 
diets  than  in  any  earlier  age. 

Some  of  us  still  cling  to  the  ideal  of 
the  "noble  savage,"  close  to  nature, 
living  by  hunting,  fishing,  and 
gathering.  But  in  most  primitive 
societies,  the  available  food  sup- 
ported only  a  limited  number  of 
people,  often  with  high  infant  mor- 
tality, short  lives,  and  recurring 
famine. 

The  development  of  agriculture, 
with  planting  and  harvesting  of  crops 
and  taming  and  herding  of  animals, 
first  took  place  some  10,000  years 
ago,  probably  in  what  is  today's 
strife-torn  Middle  East. 

We  do  not  know  just  how  this  hap- 
pened. Perhaps  farming  began  when 
some  keen-witted  person  saw  that 
new  plants  came  up  where  seeds  had 
fallen  to  the  ground  the  year  before. 
Perhaps  the  taming  and  herding  of 
animals  began  when  youngsters 
made  pets  of  injured  or  lost  young 
creatures. 

It  seems  likely  that  as  agriculture 


Evidence  of  ancient  agricultural 
practices  still  remain  in  parts  of 
the  Middle  East.  Terrace  systems 
established  in  Lebanon  about 
1100  B.C.  were  still  in  use  when 
this  photo  was  taken  in  1939. 


spread  from  the  Middle  East,  farm- 
ing also  developed  independently  in 
other  parts  of  the  world.  The  result 
was  that  man  had  a  greater  control 
over  his  food  supply  than  before.  Of 
course  the  earliest  farmers,  just  as 
today's,  depended  upon  weather,  soil 
fertility,  and  other  natural  forces. 

Our  farming  ancestors,  using  dig- 
ging sticks,  flint  knives,  and  hoes 
and  axes  with  blades  of  stone  or 
shell,  accomplished  feats  that  mod- 
ern man  has  not  yet  duplicated. 
Drawing  upon  wild  stock,  they  de- 
veloped all  major  food  plants  and 
domestic  animals  grown  today. 

Wheat  Domesticated 

Wheat  and  barley  were  domesticated 
in  the  first  area  of  agricultural  de- 
velopment, southwestern  Asia.  Rice 
and  bananas  were  developed  later  in 
southeastern  Asia,  and  sorghum  and 
millets  in  Africa.  Maize,  known  as 
corn  in  America,  and  potatoes  were 
among  several  major  food  crops  de- 
veloped in  the  New  World. 

Food  animals  were  first  domesti- 
cated in  Asia.  The  turkey  was  domes- 
ticated in  the  New  World.  Eventually 
these  crops,  many  others,  and  ani- 
mals migrated  throughout  the  world. 

As  time  went  by,  discovery  of  metal 
gave  ancient  farmers  sharper, 
stronger  blades  for  hoes,  plow  points, 
and  sickles.  But  the  change  to  metal 
took  place  slowly  and  in  some 
areas— the  Americas,  to  cite  an 
example— not  at  all. 

The  first  farmers  were  surer  of 
food  from  one  year  to  another  than 
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the  hunters  and  gatherers.  Neverthe- 
less, every  person  in  a  farm  family 
had  to  work  hard  to  insure  that  there 
was  enough  to  last  from  one  season 
to  the  next. 

Improvements  spread  slowly  up  to 
the  last  century  and  a  half.  A  farmer 
in  Roman  times  would  recognize  the 
tools,  crops,  and  animals  found  on 
the  farm  of  a  soldier  in  the  American 
Revolution.  But  neither  the  Roman 
nor  the  Revolutionary  farmer  would 
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An  artist's  conception  of  American 
Indians  cultivating  land  and 
planting  maize  in  the  late  1500s. 


recognize  the  machines  used  on  to- 
day's farms.  Many  of  the  crops  and 
some  animals  have  been  changed 
almost  beyond  recognition. 

At  the  time  of  the  Revolution,  90 
American  farmers  were  needed  to 
provide  the  food  and  fiber  for  100 
persons.  Today  1  American  farmer 
provides  78  persons  with  food  and 
fiber. 

This  change  has  not  come  about 
easily  nor  by  chance.  Not  all  coun- 
tries and  peoples  have  had  the  com- 
bination of  natural  resources,  re- 
search and  education,  and  effective 


representative  government  enjoyed 
by  the  United  States. 

Fallowing 

Until  very  recently,  as  man's  history 
goes,  improvements  spread  slowly 
throughout  virtually  all  the  world. 
Methods  the  ancients  used  survived 
with  modifications  in  many  parts  of 
the  world  for  centuries.  For  example, 
fallowing,  which  is  letting  some  land 
lie  idle  each  year  according  to  a  fixed 
plan,  was  used  in  ancient  Greece  and 
Rome,  in  China  from  perhaps  as 
early  as  2000  B.C.,  and  in  Germany 
and  northern  Europe  until  recent 
times. 

Fallowing  was  the  basis  for  Eng- 
land's two-  and  three-field  systems  of 
medieval  times.  In  these  systems,  the 
farm  land  would  be  divided  into  two 
or  three  large  fields.  Under  the  two- 
field  system,  half  the  land  was 
plowed  but  not  planted,  the  other 
half  planted  to  grain.  In  the  three- 
field  system,  one  field  was  fallow,  one 
planted  to  wheat  or  rye,  and  one 
planted  to  some  spring  crops  such  as 
oats,  peas,  or  beans.  Through  trial 
and  error  it  was  found  that  nitrogen- 
fixing  legumes  such  as  peas,  beans, 
clover,  and  alfalfa  would  improve  the 
soil,  even  though  how  it  was  done 
was  unknown. 

Two  other  farm  developments  in 
northern  Europe  during  medieval 
times  also  increased  productivity. 
Heavier  plows  that  could  turn  the 
soil  were  invented.  Invention  of  the 
horse  collar  permitted  effective  use  of 
horsepower. 

These  medieval  inventions  and  fal- 
lowing are  still  being  used  in  some 
parts  of  the  world.  Fallowing  gave 
way  to  crop  rotations  in  many  re- 
gions. In  the  United  States,  rotations 
were  strongly  urged  by  the  agricul- 
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tural  experiment  stations  and  USDA. 
Since  then  the  emphasis  has  been  on 
specialized  and  single  crop  farming. 
However,  fallowing  still  survives  in 
some  parts  of  the  Great  Plains, 
where  it  is  called  summer  fallowing 
or  strip  farming. 

During  the  1700's,  improved  breeds 
of  livestock  were  being  developed  in 
Europe  and  elsewhere.  Draft  horses 
heavier  than  previously  were  bred  in 
France  and  England.  Cattle  that 
yielded  more  meat  per  animal  were 
bred  in  several  European  nations. 
The  famous  Merino  sheep  were  de- 
veloped in  Spain.  North  Africa  was 
the  native  home  of  outstanding  sad- 
dle horses. 

Livestock  Imports 

But  improvements  spread  only 
slowly.  The  first  importations  of  im- 
proved breeds  of  English  cattle  into 
the  new  United  States  did  not  come 
until  1783.  Large  numbers  of  Merino 
sheep  were  imported  from  France 
and  Spain  a  few  years  later.  Henry 
Clay,  a  Kentucky  statesman  and  a 
U.S.  Senator,  imported  the  first 
Hereford  cattle  in  1817.  Nevertheless, 
most  American  livestock  during  the 
first  half  of  the  19th  century  was  of 
poor  quality. 

In  many  parts  of  the  world,  espe- 
cially sparsely  populated  areas  that 
were  invaded  by  Europeans  at  the 
beginning  of  modern  times,  more 
land  was  available  than  people  to 
farm  it.  This  was  true  in  what  be- 
came the  United  States,  Canada, 
Australia,  Argentina,  and  Brazil.  In 
these  nations  mechanization  has 
bcome  more  important  than  in  the 
more  densely  settled  nations  of 
Europe  and  in  Japan,  India,  and 
China. 


Even  in  the  less  densely  settled  na- 
tions, though,  mechanization  of  pro- 
duction is  relatively  recent.  Shortly 
after  the  American  Revolution, 
Thomas  Jefferson,  our  third  Presi- 
dent, designed  a  moldboard  for  a 
plow  that  would  always  turn  the  soil. 

A  cast-iron  plow  with  interchange- 
able parts,  patented  in  1819  by 
Jethro  Wood,  was  a  major  contribu- 
tion. It  would  not  scour  in  the  heavy 
soils  of  the  prairies,  however;  the  soil 
clung  to  the  moldboard  instead  of 
sliding  by  and  turning  over.  TVvo  Il- 
linois blacksmiths,  John  Lane  in 
1833  and  John  Deere  in  1837,  solved 
the  problem  by  using  a  smooth  steel 
and  polished  wrought  iron  for  the 
shares  and  moldboards  of  their 
plows. 

Machine  Age 

The  mechanical  reaper  was  probably 
the  most  significant  single  invention 
introduced  into  American  farming 
between  1800  and  the  Civil  War.  It 
replaced  much  human  power  at  the 
crucial  point  in  grain  production 
when  the  work  must  be  completed 
quickly  to  save  a  crop  from  ruin.  The 
reapers  patented  by  Obed  Hussey  in 

1833  and  Cyrus  H.  McCormick  in 

1834  marked  the  transition  from  the 
hand  to  the  machine  age  of  farming. 

That  change  was  marked  by  use  of 
horse  power  instead  of  hand  power  — 
something  that  would  not  have  been 
possible  without  the  horse  collar  of 
medieval  times.  The  new  machinery 
was  adopted  slowly  until  the  Civil 
War.  Then  the  demand  for  food  to 
feed  the  troops,  grain  needs  in 
Europe,  high  prices,  and  the  shortage 
of  labor  because  of  so  many  young 
men  being  in  the  armies  led  farmers 
to  buy  the  new  labor-saving  imple- 
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Top  photo:  The  mechanical 
reaper  came  into  use  in  the 
1830s  and  marked  the  transition 
from  the  hand  to  the  machine 
age  of  farming. 

ments.  This  shift  from  hand  to  horse 
power  was  the  first  American  ag- 
ricultural revolution. 

After  the  Civil  War,  American 
farms  produced  enough  food  and 
fiber  to  satisfy  needs  of  our  growing 
population  and  to  dominate  our  ex- 
ports. Agricultural  exports  in  1865 
were  82.6  percent  in  value  of  our 
total  exports.  This  percentage  de- 
clined slowly  but  did  not  fall  below 


Directly  above:  The  introduction 
of  lightweight,  gasoline  powered 
tractors  was  an  important  turning 
point  in  American  agriculture. 


50  percent  until  1911.  During  the 
1920's  and  1930's,  farm  exports  de- 
clined markedly,  but  have  been 
increasing  since  then. 

World  War  II  saw  a  tremendous  in- 
crease in  food  exports  to  feed  our 
troops  and  our  allies.  The  war  pro- 
vided the  price  incentives  for  farmers 
to  increase  production  in  every  way 
possible,  mainly  by  adopting  the 
latest  advances  in  agricultural 
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technology.  Continued  postwar  de- 
mand for  food  in  many  parts  of  the 
world  and  price  supports  of  one  type 
or  another  for  farm  products  kept 
prices  up.  The  result  was  great 
technological  advance  in  much  of 
the  world. 

In  the  United  States,  the  revolu- 
tion included  widespread  progress  in 
mechanization,  with  gasoline  trac- 
tors displacing  horses  and  mules. 
Commercial  production  of  cotton  pick- 
ers after  the  war  completed  the 
mechanization  of  cotton  production. 

Greater  use  of  lime  and  fertilizer, 
widespread  use  of  cover  crops  and 
other  conservation  practices  and  im- 
proved varieties,  adoption  of  hybrid 
corn,  a  better  balanced  feeding  of 
livestock,  more  effective  control  of 
insects  and  disease,  and  use  of  chem- 
icals for  such  purposes  as  weed 
killers  and  defoliants  were  part  of 
the  second  American  agricultural 
revolution. 

Productivity  Jumps 

Productivity  increased  at  a  rate  that 
outdistanced  the  rest  of  the  world 


and,  indeed,  the  rest  of  the  American 
economy.  By  the  1950's,  the  United 
States  was  facing  keen  competition 
in  the  export  market  just  as  substan- 
tially greater  productivity  was  out- 
stripping the  commercial  demand  for 
our  farm  products.  Yet  in  part  of  the 
world  there  was  hunger  and  food 
production  was  low. 

An  answer,  at  least  in  part,  to 
our  surplus  problems  and  unfulfilled 
food  needs  in  many  parts  of  the  world 
came  with  passage  of  the  Agricul- 
tural Trade  Development  and  Assist- 
ance Act  (Public  Law  480)  of  1954. 
The  law  authorized  the  Government 
to  make  agreements  for  sale  of  farm 
products  for  foreign  currency,  to 
make  shipments  for  emergency 
relief  and  other  aid,  and  to  barter 
Government-owned  farm  products 
for  needed  raw  materials. 

From  1954  through  1958  exports 
under  Public  Law  480  accounted  for 
27  percent  of  total  farm  exports.  In 
1959,  the  law  was  amended  to  in- 
crease dollar  sales  of  surplus  farm 
goods  to  friendly  nations  through 
long-term  agreements  and  extension 
of  credit.  During  the  1950's,  exports 
of  farm  products  reached  higher 
levels  than  ever  before  in  American 
history.  At  the  same  time,  because 
some  of  the  foreign  currencies  were 
used  to  aid  agricultural  improve- 
ments in  the  less  developed  nations, 
we  were  helping  many  countries 
meet  their  own  food  supply  problems. 

As  agricultural  technology  im- 
proved production  around  the  world, 
the  threat  of  famine  faded  even 
though  it  has  not  yet  been  entirely 
erased.  We  think  of  famine  as  a 
severe  shortage  of  food,  affecting 
a  wide  area  and  large  number  of 
people.  One  of  the  earliest  recorded 
famines  struck  Rome  in  436  B.C., 
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Since  1954  the  United  States,  through  Public  Law  480,  has  been  able 
to  reduce  hunger  in  many  parts  of  the  world  through  its  emergency 
relief  program. 


when  thousands  perished.  The  entire 
known  world  was  struck  by  famines 
in  879  and  1162.  England  was  struck 
in  1586. 

India  suffered  three  successive 
famines  in  the  latter  half  of  the  18th 
century,  and  eight  during  the  19th 
century.  Much  more  recently,  in 
1967-68,  India  suffered  a  famine. 
However,  the  death  toll  was  reduced 
through  food  shipments  from  the 
United  States  and  other  nations. 

The  most  devastating  famine  re- 
corded in  history  took  place  in  north- 
ern China  in  1877  when  10  million 
persons  starved.  The  country  has 
suffered  famine  many  times  since. 

Famine  in  Ireland 

From  1845  to  1847,  Ireland  saw  dis- 
astrous famine  resulting  from  failure 
of  the  potato  crops.  Large  numbers 
of  people  emigrated,  especially  to 
America.  By  the  end  of  1848,  through 
emigration  and  deaths  resulting  from 


famine,  the  population  of  Ireland 
decreased  by  half  a  million.  Many 
American  families  today  can  trace 
their  ancestors  to  people  who  left  Ire- 
land during  the  great  famine. 

Today  famines  are  less  likely  be- 
cause of  increases  in  farm  productiv- 
ity, especially  in  the  United  States. 
But  more  than  that  is  necessary.  As 
the  story  of  Joseph  in  the  Bible  tells 
us,  we  should  build  up  reserves  dur- 
ing good  years  so  we  will  have  food 
to  carry  us  over  the  lean.  The  dry 
climate  of  Egypt  made  it  relatively 
simple  for  Joseph  to  store  grain  for 
years.  It  is  more  difficult  for  other 
commodities  and  in  other  climates. 

Drying  and  salting  food  for  future 
use  was  practiced  by  primitive  man. 
Both  methods  are  still  of  importance 
—  nearly  every  day  each  of  us  eats 
some  food  that  has  been  dried  and 
some  that  has  been  salted  or  pickled. 
Primitive  man  made  cheese 
from  milk  and  wine  from  grapes 
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as  ways  to  keep  food  for  the  future. 
Fermentation  is  also  used  today. 
Other  means  of  keeping  food  have 
developed  rather  recently. 

France  contributed  a  new  method 
of  food  preservation,  canning.  It 
permitted  year-round  use  of  many 
otherwise  perishable  foods. 

In  1795,  when  France  was  at  war, 
the  Government  offered  a  prize  to  the 
citizen  who  could  devise  a  way  of 
preserving  food  for  transport  on 
military  and  naval  campaigns.  The 
prize  was  awarded  in  1810  to  Nicolas 
Appert,  a  Parisian  confectioner.  He 
had  filled  bottles  with  various  foods, 
sealed  the  bottles,  and  cooked  them 
in  boiling  water. 

The  technique  was  used  in  Eng- 
land with  metal  cans  and  then 
spread  over  much  of  the  world.  Can- 
ning offered  both  commercial  packers 
and  homemakers  opportunity  to  pre- 
serve perishable  seasonable  foods 
for  future  use. 

Refrigeration 

Ancient  man  had  recognized  that 
cold  kept  perishable  food  from  spoil- 
age. Attempts  were  made  with  some 
success  to  store  ice  during  the  winter 
for  summer  use  at  different  times 
and  places.  During  the  1800's,  effec- 
tive storage  houses  were  constructed 
in  the  northern  United  States  to 
keep  ice  for  later  use,  while  iceboxes 
or  refrigerators  were  developed  for 
home  use. 

Varied  types  of  food  became  more 
readily  available  throughout  the 
United  States  and  the  world  with  the 
invention  and  construction  of  rail- 
roads and  steamboats.  In  the  1860's, 
refrigerated  railroad  cars  were  used 
to  transfer  butter,  meat,  fruits,  and 
vegetables  from  one  section  of  the 
Nation  to  another.  The  use  of  refrig- 


eration on  steamships,  beginning  in 
the  1870's,  made  Australian,  Argen- 
tine, Canadian,  and  U.S.  meats 
available  on  European  markets. 

Subsequently,  mechanical  refriger- 
ation replaced  natural  ice  on  rail- 
roads and  steamships  and,  indeed, 
in  homes  in  the  more  technolgically 
advanced  nations.  This  meant  new 
markets  for  frozen  foods,  first  offered 
commercially  in  the  1920's.  After 
World  War  II,  frozen  food  experienced 
a  sharp  rise  in  popularity  in  the 
United  States. 

Production  of  higher  quality  food 
by  farmers,  effective  transportation 
and  storage,  efficient  processing,  and 
the  rise  of  supermarkets  enable  most 
Americans  to  enjoy  a  wide  variety 
of  high  quality,  nutritious  food 
throughout  the  year.  Some  of  these 
same  forces  have  helped  end  the 
threat  of  widespread,  devastating 
famine  in  most  parts  of  the  world. 
The  storage  of  large  stocks  of  food, 
particularly  grain,  in  the  United 
States  and  some  other  nations  is  at 
least  some  insurance  against  major 
natural  disasters  anywhere  in  the 
world. 

American  farmers  have  shown 
they  can  provide  our  Nation  with  the 
high  quality  food  it  needs  at  reason- 
able prices  and,  at  the  same  time, 
provide  an  additional  supply  for 
world  markets  and  disaster  relief. 
Meanwhile,  we  have  encouraged 
farmers  in  other  nations  to  adopt  the 
agricultural  technology  best  suited  to 
their  particular  situations  so  that 
every  nation,  like  the  United  States, 
will  become  free  from  hunger. 


Wayne  D.  Rasmussen  is  Chief, 
Agricultural  History  Branch, 
Economics  Research  Service. 
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On  the  Horizon  for  Our  Food  and  the  World's 

By  PatJ  O'Brien  and  Lorna  Aldrich 


The  1980's  will  be  a  decade  of  criti- 
cal adjustments  in  world  and  U.S. 
agriculture.  Foreign  demand  for  food 
and  agricultural  products  is  likely  to 
grow  at  a  record  or  near-record  pace. 
Yet  production  growth  abroad  is 
likely  to  slow  because  of  limits  on  the 
resources  available  to  commit  to  ag- 
ricultural production,  and  limits  on 
opportunities  to  expand  yields.  The 
world's  dependence  on  the  United 
States  for  agricultural  supplies  is 
likely  to  increase  significantly. 

This  outlook  implies  that  many 
trends  of  the  last  three  decades  will 
be  gradually  reversed— in  particular, 
the  tendency  for  inflation-adjusted 
prices  for  agricultural  products  to  de- 
cline and  for  large  commodity 
surpluses  to  accumulate  over  time. 

Over  the  1970's,  foreign  demand  for 
our  farm  products  grew  rapidly  to  ac- 
count for  1  of  every  3.5  acres  planted 
and  30  percent  of  all  products  mar- 
keted in  the  United  States.  This 
compares  with  less  than  1  of  every  5 
acres  and  14  percent  of  marketings 
in  the  late  1960's,  and  less  than  1 
of  every  5.5  acres  and  10  percent 
of  marketings  in  the  late  1950's. 

During  the  1970's,  foreign  use  of 
U.S.  agricultural  goods  grew  almost 
9  percent  a  year,  while  domestic  use 
expanded  only  1.5  percent  annually 
and  our  agricultural  output  grew  2.8 
percent  annually.  By  1985,  the  world 
may  depend  on  the  United  States 
for  15  percent  of  its  agricultural 
supplies,  compared  with  2  percent  in 
the  early  1950's  and  11  percent  in  the 
late  1970's.  To  accommodate  this  in- 


crease, U.S.  farm  exports  would  have 
to  expand  6  to  8  percent  a  year. 

Between  the  early  1950's  and  the 
early  1970's,  growth  in  world  food 
production  was  generally  strong  and 
steady,  although  unevenly  distrib- 
uted among  the  many  countries  of 
the  world.  During  the  same  time, 
food  consumption  expanded  sharply 
even  after  adjusting  for  population 
growth. 

By  the  early  1970's,  world  per 
capita  food  intake  had  increased  to 
108  percent  of  the  minimum  cited  by 
the  United  Nations  Food  and  Ag- 
riculture Organization  (FAO)  as 
necessary  "...to  allow  normal  activity 
and  good  health  in  adults  and  to 
permit  children  to  reach  their  poten- 
tial body  weight  in  the  absence  of 
disease."  The  level  had  been  about 
104  percent  a  decade  earlier  and 
slightly  below  100  in  the  early  1950's. 

Food  Trade  Zooms 

Paralleling  this  overall  improvement 
in  the  world  food  situation,  however, 
was  increased  dependence  on  trade. 
In  these  two  decades,  the  world's 
trade  in  food  — supplied  to  an  increas- 
ingly large  extent  by  a  few  exporters 
such  as  the  United  States— expanded 
roughly  twice  as  fast  as  production 
and  consumption.  This  unprece- 
dented growth  in  trade  reduced  food 


In  the  1970's  one  of  every  31/2 
acres  planted  by  American 
farmers  went  to  foreign  markets. 
This  export  demand  is  likely  to 
continue  growing  in  the  1980's. 
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self-sufficiency  in  the  rest  of  the  world 
(measured  as  a  share  of  foreign  food 
consumption)  from  98  to  89  percent. 

The  middle  and  late  1970's  stand 
out  in  sharp  contrast  to  the  previous 
20  years.  Over  the  1970's,  year-to- 
year  fluctuations  in  production  and 
consumption  widened  considerably 
and  resulted  in  a  marked  increase  in 
trade— with  the  United  States  sup- 
plying a  disproportionately  large 
share  of  the  increase. 

Of  the  eight  largest  percentage 
year-to-year  fluctuations  in  world 
food  production  and  disappearance 
since  World  War  II,  five  occurred  be- 
tween 1972  and  1979.  Unlike  the  first 
25  years  of  the  postwar  period, 
inflation-adjusted  prices  fluctuated 
widely  and  hit  an  alltime  high  and 
postwar  low  within  the  span  of  5 
years. 

By  the  end  of  the  1970's,  food  ex- 
porters, including  the  United  States, 
had  committed  their  best  land  to 
production  to  meet  expanding  de- 
mand. The  concerns  of  farm  and  food 
policy  shifted  more  slowly.  But  by  the 
late  1970's,  policymakers  began  to 
focus  on  the  problem  of  tight  supplies 
and  rising  food  prices  as  well  as  on 
more  conventional  concerns  of  farm 
returns  and  excess  capacity. 

Over  most  of  the  last  3  decades, 
record-breaking  population  growth, 
increased  affluence,  and  declining 
inflation-adjusted  prices  combined  to 
expand  foreign  use  of  agricultural 
products  at  a  2.9  percent  annual  rate, 
more  than  double  the  rate  during  the 
first  half  of  the  century.  Foreign 
population  increased  75  percent  in 
the  last  3  decades  and  accounted 
for  about  half  of  this  increase  in 
demand. 

Besides  population  growth, 
economic  conditions  in  most  affluent 


and  some  lower  income  countries 
were  favorable  enough  to  raise 
inflation-adjusted  per  capita  incomes 
by  3  percent  a  year.  These  income 
gains  in  turn  encouraged  expansion 
in  per  capita  use  of  food  and  agricul- 
tural products  1  percent  or  more 
annually.  In  addition,  increased  af- 
fluence in  the  wealthiest  developed 
countries  shifted  food  purchases 
toward  livestock  products  and  the 
grain  oilmeal  feeds  used  in  their 
production. 

Forecasters  studying  the  early 
1980's  conclude  that,  despite  slower 
population  and  economic  growth,  use 
of  agricultural  products  abroad  is 
likely  to  expand  2.5  to  2.7  percent 
annually.  Such  increases  imply  that 
the  volume  of  farm  products  used  in 
the  1980's  would  be  nearly  one  and  a 
half  times  the  volume  increases  of 
the  1970's. 

Outlook  Less  Favorable 

While  their  specific  forecasts  vary, 
economists  agree  that  the  outlook  for 
the  next  5  years  is  less  favorable 
than  during  most  of  the  1960's  and 
1970's.  In  fact,  the  next  few  years  are 
likely  to  be  marked  by  sharply 
slower  world  economic  growth  and 
serious,  persistent  problems  of 
inflation  and  unemployment. 

Recovery  starting  in  late  1981  will 
probably  be  more  prolonged  than  in 
past  economic  cycles,  and  growth 
rates  from  1983  through  1985  are  not 
expected  to  bounce  back  to  the  highs 
following  earlier  recoveries. 

Poorer  economic  prospects  will 
tend  to  dampen  growth  in  demand 
for  agricultural  products  and  further 
weaken  the  competitive  position  of 
many  industrialized  countries  in 
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large-scale  production  of  food  and 
fiber.  Several  factors  suggest  the  ef- 
fect on  food  demand  will  be  small.  In- 
comes in  many  developed  countries 
are  high  enough  to  weaken  the  link 
between  economic  performance  and 
agricultural  demand. 

In  the  lower  income  developed 
countries,  where  higher  income  will 
translate  more  directly  into  increased 
purchases,  growth  prospects  are 
bullish  enough— particularly  toward 
the  mid-1980's— to  accelerate  the 
shift  toward  more  livestock  consump- 
tion. The  shift  will,  in  turn,  generate 
sharply  stronger  growth  in  demand 
for  feedstuffs. 

Hence,  on  balance,  poorer  economic 
prospects  for  the  developed  countries 
will  cut  growth  in  agricultural  out- 
put more  than  they  cut  growth  in 
food  demand.  Consequently  de- 
veloped countries  will  import  more 
farm  products. 

Most  developing  countries  that  im- 
port oil  face  a  pronounced  slowdown 
in  economic  growth  accompanied  by 
higher  inflation  and  unemployment. 
Hardest  hit  will  be  areas  such  as 
South  Asia  and  sub-Saharan  Africa 
where  many  countries  will  stagnate 
economically  in  the  early  1980's. 
Further  worsening  the  economic  out- 
look for  the  oil-importing  developing 
countries  are  deteriorating  prospects 
for  trade,  private  capital  flows,  and 
assistance  from  developed  countries. 

The  outlook  for  record  growth  in 
food,  feed,  and  fiber  demand  in  the 
oil-exporting  and  selected  high- 
growth  developing  countries  may 
more  than  offset  the  oil-importing 
countries'  poor  prospects.  Rising 
incomes  in  the  15  to  20  "middle 
income"  developing  countries— with 
a  combined  population  of  over  600 
million— will  boost  their  food  de- 


mand and  change  the  mix  of  products 
consumed  markedly. 

Demand  for  traditional  foods  such 
as  grains,  starches,  and  pulses  will 
increase  in  the  poorer  half  of  the 
population  in  these  "middle  income" 
countries.  The  wealthier  half  of  the 
countries'  populations  will  generate 
demand  for  more  livestock  products 
and  very  rapid  growth  in  demand  for 
grain  and  oilmeal  for  livestock  feed. 

With  diets  in  these  "middle  in- 
come" countries  improving  in  both 
quantity  and  quality,  demand  could 
expand  as  rapidly  as  it  did  in  the 
affluent  developed  countries  during 
the  1950's  and  1960's. 

These  widely  differing  prospects 
for  poorer  developing  countries,  the 
"middle  income"  countries,  and  de- 
veloped counties  will  likely  keep 
total  demand  for  food  in  the  1980's 
near  the  rates  of  and  similar  to  the 
pattern  of  the  1960's  and  1970's. 


Output  Pace  May  Slow 

Since  World  War  II,  foreign  agricul- 
tural production  has  expanded  at  an 
annual  rate  of  2.8  percent,  more  than 
twice  the  pace  of  the  previous  50 
years.  Leading  this  expansion  were 
growth  in  resources  allocated  to  food 
production,  gains  in  yields,  and  what 
appears  in  retrospect  to  have  been 
abnormally  favorable  weather. 

During  this  period,  more  than  a 
third  of  the  gain  in  world  food  pro- 
duction was  achieved  by  expanding 
the  resources  committed  to  food 
production— particularly  land.  This 
expansion  was  most  pronounced  in 
the  1950's  and  1960's  as  new  lands 
were  opened  abroad,  and  again  in  the 
middle  1970's  as  the  United  States 
returned  large  acreage  reserves  to 
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cultivation.  The  rest  of  the  postwar 
production  gains  resulted  from 
improved  farming  practices,  wider 
use  of  inputs  such  as  fertilizer,  and 
adoption  of  higher  yielding  plant 
varieties. 

Because  of  constraints  on  the 
world's  agricultural  resource  base 
and  ability  to  increase  yields,  the 
pace  of  growth  in  foreign  production 
during  the  early  1980's  is  likely  to 
slow  to  possibly  three-quarters  of  the 
previous  postwar  rate.  Production 
gains  in  the  1980's,  due  to  relatively 
inexpensive  expansion  in  area,  are 
likely  to  be  significantly  smaller 
than  for  any  other  period  of  the  last 
three  decades. 

Equally  important,  much  of  the 
new  land  cultivated  in  the  1980's 
likely  will  be  of  lower  quality,  a  dif- 
ference that  could  intensify  year-to- 
year  fluctuations  in  world  output.  In 
the  1960's,  less  than  20  percent  of  the 
land  under  cultivation  was  classified 
as  semiarid  and  rainfall-dependent. 
By  1985,  as  much  as  30  percent  of  the 
world's  cultivated  land  could  be 
semiarid. 

Land  constraints  necessarily  mean 
that  future  gains  in  world  food  pro- 
duction depend  on  improving  yields. 
For  the  next  five  years  or  so,  such 
growth  will  depend  on  speeding  up 
adoption  of  existing  technology  and 
providing  farmers  with  a  growing 
supply  of  attractively  priced  inputs. 
But  sustaining,  let  alone  increasing, 
the  present  pace  of  gains  in  yields 
could  be  difficult  in  the  early  1980's 


Food  exporting  nations,  including 
the  U.S.,  are  presently  farming 
most  of  their  quality  land.  Future 
gains  in  world  food  production 
will  depend  greatly  on  improving 
yields  and  speeding  up  adoption 
of  existing  technology. 
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as  rising  energy  prices  work  to  raise 
the  price  of  key  inputs  and  possibly 
limit  their  supply. 

Few  countries  could  have  sup- 
ported the  dramatic  gains  in  food  and 
agricultural  consumption  in  the  last 
three  decades  through  increases  in 
their  own  production.  As  a  result, 
world  trade  in  agricultural  products 
increased  more  than  twice  as  fast  as 
production  and  consumption  since 
1950. 

U.S.  Is  Leader 

Value  of  world  agricultural  trade 
tripled  from  1950  through  the  early 
1970's  and  has  since  doubled  again. 
Volume  of  world  trade  in  grains  rose 
more  than  7  percent  a  year,  while  the 
pace  for  oilseeds  and  products  was 
more  than  9  percent. 

The  United  States  has  been  the 
single  largest  source  of  this  expand- 
ing agricultural  trade.  Volume  of 
U.S.  grain  and  oilseed  exports  dou- 
bled in  the  1970's  alone,  while  the 
total  value  of  U.S.  farm  exports 
quadrupled. 

Based  on  the  foreign  supply  and 
demand  prospects  outlined  here, 
growth  in  the  rest  of  the  world's  im- 
ports of  food,  feed,  and  fiber  would 
have  to  match  or  exceed  the  rate  of 
the  1970's  to  fill  the  widening  gap  be- 
tween foreign  production — growing 
at  2.1  to  2.4  percent  a  year,  and 
foreign  demand— growing  at  2.5  to 
2.7  percent. 

Many  of  the  same  factors  implying 
strong  growth  in  trade  in  the  early 
1980's  also  suggest  that  foreign  de- 
mand for  U.S.  products  will  vary 
more  widely  from  year  to  year.  An- 
nual fluctuations  in  foreign  demand 
for  U.S.  products  grew  significantly 
in  the  1970's,  and  they  are  likely  to 
continue  widening  in  the  1980's. 


Producers  abroad  will  move  toward 
cultivating  more  marginal  lands  sub- 
ject to  wide  weather  and  yield  varia- 
tions. Besides,  more  countries  will 
move  to  isolate  their  domestic  mar- 
kets from  changes  in  world  market 
supply  and  demand;  this  in  turn 
leaves  an  even  larger  share  of  world 
market  instability  to  be  absorbed  by 
the  United  States. 

The  increasing  role  of  the  United 
States  as  the  residual  world  food  and 
feed  supplier  will  tend  to  translate 
year-to-year  swings  in  production 
and  consumption— from  virtually 
anywhere  in  the  world  —  into  fluctua- 
tions in  foreign  demand  for  U.S. 
products.  These  factors  could  double 
annual  swings  in  foreign  demand 
for  U.S.  grains  and  oilseeds  to 
possibly  30  million  metric  tons. 

For  the  United  States  to  meet  this 
expected  growth  in  export  demand 
and  the  domestic  demand  described 
below  during  the  1980's,  our  agricul- 
tural plant  will  have  to  run  closer  to 
full  capacity  than  over  most  of  the 
postwar  period  to  date.  Significantly 
more  of  this  country's  farm  and  non- 
farm  resources  will  need  to  be  used, 
and  used  more  intensively,  to  produce 
agricultural  resources.  At  least  for 
the  next  five  years  or  so,  however, 
demand  and  supply  here  and  abroad 
could  fluctuate  widely  enough  from 
year  to  year  to  cause  temporary  prob- 
lems with  surpluses  or  to  accelerate 
the  trend  toward  tight  supplies. 

U.S.  Demand  May  Rise 

Domestic  demand  for  food  and  feed 
increased  1.7  percent  annually  over 
the  last  three  decades.  Less  than 
two-thirds  of  the  growth  was  caused 
by  population  increases.  Greater  af- 
fluence and  abundant  supplies  of 
low-priced  products  raised  per  capita 
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consumption  0.4  to  0.5  percent  a 
year,  and  dramatically  shifted  de- 
mand toward  grain-fed  livestock  prod- 
ucts. This  growth  was  particularly 
impressive  given  the  already  high 
per  capita  use  of  most  agricultural 
products  common  two  decades  ago. 

Forecasters  speculating  about  the 
early  1980's  suggest  that  population 
and  income-related  growth  in  de- 
mand for  agricultural  products  could 
slow  to  possibly  three-fourths  the  rate 
of  the  last  20  years.  However,  strong 
increases  in  less  conventional  sources 
of  demand— including  demand  for 
agricultural  products  for  use  as 
biomass  for  energy  conversion— 
could  well  push  growth  in  total  de- 
mand to  a  near  record  rate  of  1.6  to 
1.8  percent  a  year. 

After  rising  2.0  to  2.5  percent  a 
year  in  the  1970's,  growth  in  real  dis- 
posable personal  income  will  likely 
slow  to  about  1  percent  per  year  in 
the  first  half  of  the  1980's.  As  a  re- 
sult, sluggish  growth  in  consumer 
spending  could  dampen  growth  in 
demand  early  in  the  decade.  Forecas- 
ters agree,  however,  that  the 
economy  could  improve  significantly 
in  the  middle  and  late  1980's. 

Nevertheless,  there  is  underlying 
concern  that  recovery  from  the 
1980-82  slowdown  will  take  longer 
than  following  past  recessions.  There 
is  further  concern  the  United  States 
will  also  face  lower  economic  growth 
rates,  and  higher  inflation  and  un- 
employment rates,  in  the  long  term 
than  experienced  during  the  period 
from  World  War  II  to  date. 

Impact  of  this  economic  outlook  on 
demand  for  agricultural  products  is 
likely  to  be  mixed.  Several  factors 
will  tend  to  minimize  any  demand- 
growth  slowdown. 

Growth  in  food  consumption  is 


likely  to  fare  well  since  faster-rising 
prices  for  consumer  durables  and 
nonfood  nondurables  will  make  food 
a  relatively  attractive  purchase,  as 
Federal  and  State  programs  such  as 
unemployment  compensation  support 
food  purchases  among  the  people 
most  severely  affected  by  the  eco- 
nomic slowdown.  Hence,  on  balance, 
the  income-related  growth  in  food 
demand  could  drop  to  0.3  to  0.4  per- 
cent per  year  in  the  early  1980's  from 
0.4  to  0.5  percent  in  the  1970's.  Com- 
bined population  and  income-related 
growth  in  demand  could  drop  to  0.9 
to  1.1  percent  from  the  1.2  percent 
rate  of  the  last  decade. 

Limited  supplies  and  rising  prices 
for  petroleum-based  fuels  could  ex- 
pand agricultural  demand  from  less 
conventional  sources  possibly  fast 
enough  to  push  total  demand  growth 
in  the  1980's  above  the  rate  of  the 
1960's  and  1970's.  Chief  among  these 
newer  sources  is  demand  for  fuel  and 
industrial  uses  of  farm  products. 

Role  of  Biomass 

As  inflation-adjusted  energy  prices 
increase  2  to  4  percent  a  year, 
biomass  is  likely  to  become  a  more 
attractive  feedstock  for  producing 
liquid  energy.  Federal  and  State  sub- 
sidy programs  will  concentrate  most 
of  this  expanding  interest  in  biomass 
energy  on  ethanol  production  for  use 
in  gasohol — with  corn  as  the  most 
widely  used  feedstock. 

While  expanding  demand  for 
ethanol  and,  consequently,  demand 
for  corn  feedstock  are  likely  to  push 
energy-related  demand  up  at  record 
rates,  the  quantities  involved  in  the 
early  1980's  will  be  limited  by  con- 
version capacity,  the  economics  of 
alcohol  production,  and  government 
policy  incentives. 
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If  these  foreign  and  domestic  de- 
mand projections  materialize,  total 
demand  for  U.S.  agricultural  prod- 
ucts could  grow  around  3  percent  a 
year  in  the  early  1980's,  possibly 
fluctuating  10  percent  from  year  to 
year.  Foreign  and  domestic  demand 
for  U.S.  grains  and  oilseeds  could  in- 
crease from  the  370  million  ton  level 
of  the  late  1970's  to  430  to  445  mil- 
lion tons  by  1985— plus  or  minus  25 
to  30  million  tons  depending  largely 
on  fluctuations  in  foreign  output  and 
demand. 

If  demand  indeed  grows  at  3  per- 
cent a  year,  U.S.  production  would 
have  to  expand  roughly  one  and  a 
half  times  faster  than  the  average  for 
the  postwar  period  to  date.  Produc- 
tion rose  about  2  percent  a  year  over 
the  1950's  and  1960's,  mainly  through 
yield  increases  as  area  was  limited 
by  government  programs.  In  the 
middle  and  late  1970's,  production  in- 
creases averaged  2.8  percent  a  year 
as  yields  continued  to  improve  and 
more  acreage  was  brought  into 
production. 

Sustaining  this  growth  rate  in  the 
1980's  raises  serious  questions.  Given 
the  production  growth  patterns  of  the 
last  several  decades,  the  harvested 
area  of  major  crops  would  have  to 
expand  10  to  15  million  acres  by 
1985  — to  more  than  130  percent  of 
the  average  acreage  used  in  the 
1960's— to  achieve  a  3  percent  an- 
nual increase  in  output.  Will  it  be 
possible  without  committing  sub- 
stantially more  renewable  and  non- 
Cost  of  agricultural  crop 
production  in  the  U.S.  in  the 
1 980's  is  expected  to  rise  due  to 
limitations  of  quality  land,  inputs, 
and  management  and  the 
chance  of  less  favorable  weather 
conditions. 


renewable  resources  to  agriculture 
and  without  much  higher  returns 
to  producers? 

Nonland  Resources 

In  addition  to  expanding  cropped 
area,  the  demand  pressure  of  the 
early  1980's  will  intensify  land  use, 
generate  changes  in  cropping  pat- 
terns, and  increase  pressure  on  the 
forage  base.  Even  if  area  can  be  ex- 
panded 3  to  4  million  acres  a  year, 
the  yield  gains  to  augment  such  an 
increase  will  require  significantly 
greater  use  of  nonland  resources 
as  well. 

Raising  and  sustaining  U.S.  crop 
yields  at  the  levels  needed  to  support 
a  3  percent  increase  in  output  would 
require  rises  in  fertilizer  and  pesti- 
cides use  of  roughly  4.5  to  5.5  percent 
a  year.  The  changing  mix  of  inputs 
needed  in  the  1980's  will  also  tend 
to  make  agriculture  depend  much 
more  on  nonfarm  inputs  and  non- 
renewable resources  than  during 
most  of  the  earlier  postwar  period. 

Acreage  and  productivity  gains 
needed  to  expand  output  3  percent  a 
year  through  the  1980's  are  certainly 
within  the  agricultural  sector's  phys- 
ical capacity.  The  1977  National  Re- 
source Inventory  (NRI)  identified  an 
agricultural  cropland  base  at  about 
460  million  acres,  of  which  roughly 
360  million  acres  are  currently  har- 
vested and  100  million  are  idle  crop- 
land or  cropland  pasture.  The  NRI 
identified  another  35  million  acres  as 
having  high  cropland  potential,  and 
95  million  more  of  medium  potential. 

The  potential  for  yield  gains 
through  greater  use  of  farm  inputs 
and  improved  management  is  also 
favorable  enough  to  suggest,  given 
the  NRI  data,  a  physical  capacity 
to  produce  well  in  excess  of  likely 
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foreign  and  domestic  demand 
through  the  end  of  the  century. 

However,  protecting  the  environ- 
ment while  also  taking  steps  to  ex- 
pand production  3  percent  a  year 
over  the  1980's  likely  will  raise  the 
costs  of  production  in  the  short  term. 
Equally  important,  the  economics  of 
production  will  have  to  be  signifi- 
cantly more  favorable— both  for  the 
near  and  long  term— before  the  siza- 
ble investments  necessary  to  expand 
capacity  can  be  realized. 

The  changing  mix  of  resources 
used  in  agriculture,  and  stronger 
competition  for  resources  from  the 
rest  of  the  economy,  will  raise  the 
cost  of  expanding  agricultural  capac- 
ity significantly.  Any  major  expan- 
sion in  capacity  is  likely  to  depend  on 
large  injections  of  nonfarm  inputs, 
labor,  and  capital— which  are  in 
demand  from  other  sectors  of  the 
economy. 

Further  confounding  the  issue  will 
be  the  impact  on  production  and  pro- 
ducer incentives.  During  the  next 
few  years,  growth  in  agricultural 
output  will  likely  be  hampered  by 
the  same  basic  problems  noted  for 
the  general  economy:  higher  prices 
for  key  inputs  and  possibly  short 
supplies  of  them.  For  at  least  three 
crucial  inputs— energy,  energy- 
related  inputs  such  as  fertilizer,  and 
credit— prices  are  likely  to  keep  pace 
with  the  overall  rate  of  inflation, 
thus  pushing  the  cost  of  producing 
food  and  feedstuffs  up  7  to  9  percent 
a  year. 

Agriculture  also  faces  the  likeli- 
hood that  yield  gains  will  slow  in  the 
early  1980's  and  intensify  the  cost 
problem.  The  marked  yield  gains  of 
the  1977-79  period,  due  at  least  par- 
tially to  unusually  favorable 
weather,  tended  to  disguise  much  of 


the  period's  rise  in  input  costs.  More 
normal  weather  in  the  early  1980's 
could  reduce  crop  yields  or  at  least 
slow  yield  growth  and  make  cost  in- 
creases far  more  visible.  These  fac- 
tors suggest  that  the  early  1980's— 
contrary  to  most  of  the  postwar 
period— could  be  a  time  of  sharply 
rising  unit  costs  of  production  even 
without  strong  pressure  to  expand 
output. 

A  Turning  Point? 

These  prospects  all  tend  to  support 
the  widespread  notion  that  U.S.  ag- 
riculture is  reaching  a  critical  long- 
run  turning  point  at  which  supply 
becomes  less  responsive  to  price  in- 
creases because  quality  land,  inputs, 
and  management  are  so  limited  that 
additional  output  is  possible  only  at 
higher  costs.  Should  this  prognosis 
prove  correct,  the  early  1980's  will 
bring  two  fundamental  changes  in 
U.S.  agriculture. 

First,  on  average,  annual  increases 
in  foreign  and  domestic  demand  will 
begin  to  outstrip  annual  gains  in 
U.S.  capacity  to  produce  agricultur- 
al products.  As  a  result,  inflation- 
adjusted  prices  received  by  farmers— 
given  normal  weather— should 
increase;  some  projections  suggest 
inflation-adjusted  price  increases 
of  1  to  3  percent  a  year,  compared 
with  annual  declines  averaging 
1  to  2  percent  since  World  War  II. 

Moreover,  if  gains  in  capacity  in 
the  early  1980's  due  to  yield  and  re- 
source growth  are  more  than  offset 
by  losses  in  capacity  due  to  unit  cost 
increases  and  more  stringent  en- 
vironmental constraints,  inflation- 
adjusted  prices  associated  with  the 
output  levels  needed  to  balance 
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foreign  and  domestic  demand  could 
be  substantially  higher. 

Second,  the  large  price-stabilizing 
stocks  and  land  reserves  of  the  1950's 
and  1960's  will  be  conspicuously  ab- 
sent in  the  early  1980's.  This  would 
tend  to  make  American  agriculture 
more  manageable,  with  supply  and 
demand  closer  to  market  equilib- 
rium. However,  the  absence  of  land 
and  stock  reserves  would  make 
swings  in  supply  and  demand  — 
particularly  abroad— an  even  more 
critical  determinant  of  the  state  of 
U.S.  agriculture. 
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LLS.  Agriculture  and  World  Security  ' 

Ely  lianiel  E./Shaughnessy  ' 


Any  examination  of  the  history  of 
agriculture  shows  its  vital  impor- 
tance. But  even  as  the  world  progres- 
ses in  other  such  sophisticated  areas 
as  communications  and  technology, 
the  simple  need  to  grow  and  distrib- 
ute food  becomes  even  more  critical. 
In  a  world  which  during  the  past  30 
years  has  seen  remarkable  progress 
by  many  nations  in  agricultural  pro- 
ductivity, the  fact  remains  that  the     <- 
future  prospects  for  meeting  world 
food  needs  still  depend  heavily  on 
one  nation— the  United  States. 

However,  our  country's  food  and 
agricultural  situation  is  also  chang- 
ing, and  attention  to  food  require- 
ments of  the  United  States  is  an  es- 
sential prerequisite  to  actions  re- 
quired of  agriculture  in  the  world  of 
the  future. 

No  longer  is  U.S.  agriculture  faced 
with  chronic  surpluses.  No  longer  is 
rural  America  primarily  a  place  of 
small  family  farms.  No  longer  is  land 
and  water  in  nearly  limitless  or 
abundant  supply.  And  no  longer  do 
food  and  agriculture  decisions  affect 
only  a  small  number  of  farmers  and 
businessmen. 

Rather,  U.S.  agriculture  is  complex 
and  rapidly  changing.  It  is  the  Na- 
tion's largest  employer.  The  23  mil- 
lion people  employed  in  agriculture- 
related  jobs  make  up  a  fifth  of  the 
national  labor  force.  It  is  an  industry 
that  accounts  for  20  percent  of  the 
Nation's  gross  national  product  and 
whose  rate  of  productivity  for  the  last 
decade  has  been  greater  than  nonfarm 
industries. 


The  U.S.  farmer  now  produces  for  a 
growing  domestic  and  international 
market  (U.S.  agricultural  exports 
alone  were  over  $40  billion  in  1980); 
but  U.S.  farms,  which  totaled  6.6 
million  in  1920  now  number  2.5  mil- 
lion, with  5  percent  of  the  farmers 
owning  48  percent  of  the  land.  Farm- 
ers and  those  who  process  farm 
products  use  80  percent  of  all  the 
water  consumed  in  the  country. 
Farmers  apply  20  million  pounds  of 
primary  fertilizer  and  a  million 
pounds  of  pesticides  to  their  fields. 
In  short,  U.S.  agriculture  influences 
an  entire  range  of  activities— from 
land  prices  in  Iowa  to  soybean  sales 
in  Japan. 

Thus,  a  strong  U.S.  agricultural 
system  is  an  essential  element  of 
adequate  world  food  supplies.  The 
United  States  acts  as  a  major 
supplier  to  nations  with  consistent 
food  deficits.  It  also  serves  as  a  re- 
serve supplier  to  nations  that  usually 
are  able  to  provide  for  their  own 
needs,  but  occasionally  suffer  from 
shortfalls  due  to  bad  weather  or 
other  transient  conditions.  This  year 
U.S.  exports  of  wheat  will  account  for 
46  percent  of  world  wheat  exports; 
U.S.  rice  exports  will  account  for  25 
percent  of  all  rice  exports. 

Exports  Way  Up 

During  the  past  decade,  the  volume 
of  U.S.  agricultural  exports  increased 
by  about  two-thirds.  In  1978/79,  the 
United  States  exported  64  percent  of 
its  wheat,  as  well  as  26  percent  of  its 
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Agriculture  is  the  Nation's  largest  employer  with  23  million  people 
working  at  agriculture-related  jobs,  such  as  food  canning. 


feed  grains,  42  percent  of  its  soy- 
beans, and  47  percent  of  its  rice. 

The  developing  world,  which  was 
largely  self-sufficient  in  food  produc- 
tion as  recently  as  the  1950's,  is  now 
a  net  importer  and  is  expected  to 
have  an  annual  deficit  of  85  million 
tons  of  wheat,  rice  and  coarse  grains 
by  1988.  In  recent  years,  over  half  of 
U.S.  wheat  exports  and  nearly 
three-quarters  of  exported  rice  went 
to  the  developing  world. 

The  international  aspect  of  U.S. 
agriculture  has  also  become  a  major 
part  of  U.S.  farm  income.  Ten  years 
ago,  exports  provided  only  15  percent 


of  market  returns  for  U.S.  farmers. 
Today  they  provide  about  25  percent. 
For  crop  farmers,  exports  bring  in 
almost  half  of  their  cash  returns.  We 
export  60  percent  or  more  of  our 
country's  wheat,  rice  and  soybeans. 
About  a  third  of  our  feed  grains  also 
are  exported. 

During  the  coming  decade,  rising 
incomes  and  growing  populations  of 
the  developing  nations  will  increase 
world  demand  for  grain,  leading  the 
United  States  and  other  grain  export- 
ers to  increase  their  grain  acreage 
and  production.  However,  such  pro- 
duction increases  raise  some  serious 
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questions  about  U.S.  resource 
capabilities. 

For  example,  we  continue  to  lose 
our  best  farmland  to  other  uses.  Be- 
tween 1967  and  1975,  about  8  million 
acres  of  prime  farmland  were  taken 
from  agriculture— 6.5  million  acres 
converted  to  urban  and  built-up 
areas  and  1.5  million  acres  to  water 
areas. 

Loss  of  prime  farmland  forces 
farmers  to  grow  crops  on  marginal 
lands,  which  usually  are  more  sub- 
ject to  erosion  or  drought,  difficult 
to  cultivate,  and  less  productive. 
Homes,  factories,  roads,  and  other 
similar  uses  are  absorbing  rural  land 
at  a  rate  of  approximately  3  million 
acres  a  year. 

Land  Needs  Rise 

More  cropland  will  be  needed  to  meet 
domestic  and  foreign  demand  in  the 
future.  The  1977  cropland  base  was 
413  million  acres.  An  additional  135 
million  acres  have  high  or  medium 
potential  for  conversion  to  cropland. 
Of  this,  40  million  high  potential 
acres  can  be  converted  to  crops  sim- 
ply by  tilling  them  and  applying  con- 
servation practices  to  control  soil 
erosion.  Most  of  the  95  million  acres 
with  medium  potential  have  one  or 
more  soil  limitations  that  must  be 
considered  before  conversion  to 
cropland. 

Conversion  of  any  of  these  acres 
would  mean  trade-offs,  because  the 
135  million  acres  of  potential  crop- 
land are  now  in  other  uses.  Of  these, 
about  92  million  acres  are  grazing 
land  and  32  million  forest  land.  Con- 
verting the  land  to  crops  would  mean 
a  significant  loss  in  forage  and 
wood-producing  areas  and,  in  some 
cases,  wildlife  habitat. 

For  example,  converting  only  20 


percent  of  this  land  over  the  next  50 
years  for  crop  production,  rather 
than  grazing  or  forests,  would  result 
in  using  27  million  of  the  135  million 
acres.  The  accompanying  trade-offs 
would  include  a  major  increase  in  the 
total  value  of  resources  used  in  pro- 
duction, significant  increases  in  fer- 
tilizer and  pesticide  use,  and  higher 
commodity  prices.  Nevertheless,  the 
cropland  potential  exists,  and  with 
appropriate  conservation  measures, 
could  be  used  to  increase  the  U.S. 
contribution  to  world  food  supplies. 
But  concern  about  land  availabil- 
ity is  not  the  only  question  asked. 
Ever-increasing  global  food  needs 
also  affect  supplies  and  prices  in  the 
United  States,  as  well  as  in  dozens 
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Suburban  developments,  roads,  and  reservoirs  are  responsible  for  the 
loss  of  three  million  acres  of  farmland  each  year. 


of  other  countries  throughout  the 
world. 

However,  the  differences  between 
food  availability  and  costs  in  the 
United  States  compared  to  many 
other  countries  are  still  vast. 

Struggle  for  Survival 

Several  hundred  million  people  in 
the  world  struggle  for  daily  survival 
on  incomes  which  cannot  provide 
even  the  minimum  diet  required  for 
good  health.  These  millions  spend 
the  majority  of  their  incomes  on  food, 
usually  the  cheapest  food  that  will 
sustain  human  life.  In  Bangladesh, 
for  example,  80  percent  of  the  total 
caloric  intake  comes  from  food 
grains,  and  in  most  of  the  poorest  na- 


Faced  with  the  need  for  more 
cropland,  farmers  may  start 
carving  it  out  of  existing  timber 
and  pasture  holdings.  This  costly 
conversion  will  diminish  the 
U.S.  timber  and  forage  acreage. 
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Food  is  still  a  bargain.  The  average  American  family  spends  less 
than  17  percent  of  its  budget  on  food  compared  with  50  percent  in 
the  Soviet  Union. 


tions,  such  grains  account  for  well 
over  half  of  total  calories. 

The  contrast  with  the  developed 
countries  is  striking.  In  the  United 
States,  the  average  family  spends 
less  than  17  percent  of  its  budget  on 
food,  and  many  of  the  foods  consumed 
are  among  the  most  expensive 
sources  of  nutrition,  such  as  dairy 
products,  meats  and  fruits.  The  same 
family  in  Japan  spends  25  percent  of 
its  income  on  food,  and  in  the  Soviet 
Union  about  50  percent. 

The  small  portion  of  their  incomes 
that  the  consumers  in  the  developed 


nations  spend  on  food,  and  the  types 
of  food  consumed,  combine  to  provide 
a  substantial  margin  of  security 
against  the  effects  of  agricultural 
setbacks.  If  meat  prices  should  in- 
crease sharply,  for  example,  consum- 
ers can  turn  to  cheaper  varieties, 
such  as  ground  meat  or  poultry.  In 
the  worst  circumstances,  there  might 
be  an  increased  reliance  on  grain- 
based  products,  such  as  breads  or 
pastas. 

However,  for  those  who  are  already 
spending  the  bulk  of  their  incomes  on 
the  most  basic  foods,  a  shortage  can 
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spell  disaster.  In  the  recent  past, 
world  production  shortfalls  of  less 
than  10  percent  have  been  linked  to 
price  increases  for  wheat  and  rice  of 
200  percent  or  more.  Modest  short- 
ages, which  may  raise  the  cost  of 
bread  in  the  United  States  by  a  cent 
or  two  a  loaf,  can  result  in  severe 
shortages  in  Bangladesh,  or  Mali, 
or  Guyana. 

Food  and  Flash  Points 

This  growing  interdependence  of 
countries,  linked  to  one  another  by 
the  complexities  of  producing,  sell- 
ing, shipping  and  distributing  food, 
imposes  major  responsibilities  on 
their  leaders  and  policymakers.  A 
lack  of  food  is  among  the  most  de- 
stabilizing forces  in  the  world  today. 
Widespread  hunger  and  poverty 
breed  a  despair  which  makes  any 
risk  seem  worth  taking  if  it  promises 
some  hope  for  a  better  future. 

As  a  result,  it  is  certainly  more 
than  coincidental  that  hungry  na- 
tions turn  up  so  often  on  the  lists  of 
the  world's  political  flash  points.  In 
short,  it  must  be  understood  that 
peace,  security,  and  international 
economic  stability  are  all  factors 
related  to  the  most  basic  human 
need— the  acquisition  and  consump- 
tion of  food. 

For  economic  resiliency— especial- 
ly food  security — is  the  cornerstone 
of  effective  national  strength 
and  world  leadership.  Americans 
today  are  more  aware  of  this  hard 
truth  than  five  or  ten  years  ago, 
when  few  recognized  the  degree  to 
which  the  United  States  and  other 
industrialized  countries  had  become 
dependent  upon  imports  — in  our 
case,  imports  of  oil. 

Now,  however,  the  interdependence 


of  nations  and  the  issues  that  divide 
them  take  on  far  greater  meaning 
and  it  may  well  be  that  U.S.  action 
on  its  food  and  agriculture  policies 
are  among  the  most  important  and 
viable  leadership  opportunities 
facing  our  country.  In  this  regard, 
the  United  States  cannot  help  but 
be  a  leading  contributor  to  global 
economic  policy  since  the  role  of  food 
and  agriculture  in  national  strategic 
planning,  including  the  assessment 
of  future  economic  relationships,  is 
critical. 

Leadership  Role 

The  United  States  today  has  an 
opportunity— as  well  as  an 
obligation— to  lead  the  world  toward 
a  secure  food  policy.  But  we  must 
begin  with  our  own  policies  and  laws. 
The  preeminent  part  played  by  this 
Nation  in  food  production  and  trade 
is  closely  linked  to  the  general  state 
of  the  world's  economy.  The  inevita- 
bility of  the  worldwide  importance  of 
U.S.  food  policy  and  legislation  — 
whether  domestic  or  international  — 
becomes  more  critical  each  year. 

Simply  put,  the  nation  that  is  the 
world's  leader  in  food  production  and 
trade  must  be  the  leader  in  efforts 
to  relate  food  and  agriculture  to 
economic  strength  and  international 
security.  Access  to  food  is  a  critical 
part  of  global  security.  Policies, 
strategies  and  laws  affecting  food  are 
as  much  international  in  their  im- 
pact as  domestic;  and  the  United 
States  has  a  special  place  in  world 
food  and  agricultural  matters. 

The  situation  facing  the  1980's  has 
not  occurred  overnight.  Energy  price 
increases  and  the  world  drought  that 
occurred  in  the  1972/73  production 
year,  emphasized  particularly  by  se- 
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vere  food  shortages  in  the  Sahel  re- 
gion of  Africa,  were  compounded  by 
major  purchases  of  North  American 
grain  by  the  Soviet  Union.  These 
events  reinforced  the  need  for  stabil- 
ity in  economic  growth  and  food  sup- 
ply, and  demonstrated  the  growing 
importance  of  political  involvement 
in  such  activities. 

Over  the  next  several  years,  pros- 
pects for  food  supply  and  equitable 
distribution  of  food  are  fair  at  best. 
The  1980's  portend  a  period  of  uncer- 
tainty in  supply  and  demand  for 
basic  foods,  at  least  for  the  first  five 
years  of  the  decade.  The  price  of  food 
will  continue  to  rise  and  supplies  will 
be  tight.  As  a  result,  clear  U.S.  lead- 
ership on  food  policy  matters  will  be 
essential. 

Short  vs.  Long  Term 

In  recent  years,  the  development  of 
U.S.  food  policy  and  related  economic 
activities  has  been  characterized 
more  by  reaction  than  anticipation. 
Such  major  U.S.  food  policy  develop- 
ments as  the  1980  Soviet  grain  em- 
bargo, the  trend  toward  bilateral 
trade  arrangements,  the  use  of  food 
aid  and  economic  foreign  assistance 
funds  to  remedy  political  situations, 
and  on-again,  off-again  policy  of  food 
reserves,  are  examples  of  the  de- 
velopment of  policy  by  reacting  to 
specific  circumstances,  rather  than 
through  careful  or  logical  planning. 

This  form  of  food  and  agriculture 
policy  development  tends  to  maxi- 
mize consideration  of  short-term 
gains,  usually  expressed  in  domestic 
terms,  and  minimize  longer  term 
effects— which  are  often  of  a  global 
nature. 

But  the  United  States  cannot  feed 
the  world  alone  and  we  know  that  we 


cannot  completely  transfer  our  cul- 
ture and  practices  to  those  in  need. 
However,  it  may  well  be  that  frank 
attention  to  our  own  self-interests, 
together  with  a  policy  of  assisting 
others  to  be  viable  economic 
partners,  may  be  the  guide  to  the 
leadership  role  the  United  States  can 
and  must  assume. 

Components  of  this  leadership  are 
a  perception  of  security  in  a  different 
light  beyond  that  of  armed  prowess, 
a  recognition  of  the  need  for  real 
economic  stability,  and  enlightened 
U.S.  trade  and  agriculture  policies. 
For  the  United  States,  assuring  res- 
olution of  the  problem  of  food  supply 
throughout  the  world  may  well  be 
the  key  to  solving  other  related  is- 
sues of  economic  stability  and  na- 
tional and  international  security. 

To  do  this,  the  United  States  must 
recognize  that  its  food  and  agricul- 
tural policies  are  no  longer  its  own 
and  that  the  enormous  U.S.  export 
potential  in  agricultural  products  is 
of  major  significance  in  this  regard. 
As  a  result,  it  will  be  necessary  to 
apply  international  criteria  to  major 
decisions  affecting  American  farm 
policy  and  agricultural  production. 
This  will  be  particularly  important 
with  regard  to  trade  in  agricultural 
products,  for  trade  is  aid — within 
reasonable  limits  — and  reinforcing 
that  concept  in  U.S.  agriculture 
policies  will  be  of  benefit  both  to 
American  farmers  and  consumers,  as 
well  as  those  throughout  the  world 
requiring  continuing  and  reliable 
supplies  of  U.S.  food. 


Daniel  E.  Shaughnessy  is  Deputy 
Assistant  Administrator,  Export 
Credits,  Foreign  Agricultural  Service. 


48 


Section  Three 
Food  Production 


Farm  Productivity,  Key  to  Our  Level  of  Living 

By  Lloyd  D.  Tfeigen  and  B.R.  Eddleman 


The  key  to  a  rising  standard  (and 
level)  of  living  for  the  United 
States  is  increasing  productivity  and 
expanding  production  capacity. 

Agricultural  productivity  and  pro- 
duction capacity  have  been  tested  by 
a  number  of  events  in  the  seventies. 
From  1970  to  1979,  grain  exports  in- 
creased 170  percent,  energy  prices 
rose  160  percent,  irrigated  acreage 
went  up  60  percent,  total  acreage 
planted  increased  20  percent,  food 
prices  relative  to  consumer  buying 
power  leveled  off  following  a  25-year 
period  of  decline  (without  adjusting 
for  inflation,  they  doubled),  and 
lower  productivity  in  the  nonfarm 
economy  slowed  the  growth  of  real 
income  per  worker  and  per  capita. 

If  exports  of  farm  commodities  con- 
tinue to  rise,  and  if  irrigation  water 
and  energy  supplies  become  tight, 
and  if  production  costs  continue  up- 


ward, the  coming  years  pose  some 
important  questions: 

9  Is  farm  productivity  leveling  off? 

M  Is  the  U.S.  agricultural  produc- 
tion capacity  being  reached? 

■  Will  the  natural  resource  base 
maintain  that  capacity  for  future 
generations? 

■  What  breakthroughs  of  technol- 
ogy and  organization  of  production 
promise  to  improve  production  capac- 
ity? 

■  The  bottom  line— will  the  real 
price  of  food  (adjusted  for  inflation) 
resume  its  decline,  or  will  it  rise  in 
the  future? 

Productivity  gains  in  agriculture 
affect  the  real  price  of  food,  farmers' 
income,  and  the  quality  of  life.  They 
foster  economic  growth  and  help 
satisfy  the  food  requirements  of  a 
hungry  world. 

In  this  chapter,  real  prices  are  de- 
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fined  in  terms  of  the  work  required 
to  buy  a  specific  commodity;  in  other 
words,  consumer  prices  relative  to 
income. 

From  1947  to  1972  (the  period  from 
the  ending  of  World  War  II  price  con- 
trols to  the  beginning  of  the  Nixon 
Council  on  Wage  and  Price  Stability), 
the  consumer  price  index  for  food 
relative  to  the  after-tax  personal  in- 
come per  member  of  the  labor  force 
declined  more  than  2.5  percent  per 
year,  with  annual  decreases  of  more 
than  3.0  percent  in  the  early  sixties. 

However,  the  story  in  the  seventies 
was  different — from  1974  on,  most 
real  food  prices  remained  near  1967 
levels  and  only  poultry  and  egg 
prices  are  less  than  1972  levels,  lb 
buy  a  market  basket  of  food  which 
required  an  hour's  earnings  in  1967 
would  have  required  94  minutes  in 
1950,  but  only  55  minutes  in  1972. 


The  1980  time  cost  of  that  food  is 
61  minutes. 

Production  capacity  and  productiv- 
ity in  animal  agriculture  influence 
real  food  prices  in  two  ways.  Live- 
stock production  directly  affects  the 
price  of  meats  at  retail,  and  increased 
productivity  in  the  livestock  sector 
lowers  the  cost  of  meat  throughout 
the  marketing  chain,  ultimately  re- 
ducing the  final  consumer  price.  Pro- 
duction capacity  and  productivity 
in  the  crop  sector  combat  food  price 
increases  two  other  ways:  directly 
preventing  excessive  crop  price  in- 
creases when  major  shifts  in  demand 
occur,  and  indirectly  by  helping  to 
moderate  the  real  production  costs  in 
the  livestock  industry,  keeping  retail 
meat  prices  under  control. 

Producer  Gains 

Producers  in  the  United  States 


have  gained  from  the  productivity  in- 
crease, although  the  process  was  less 
direct.  The  increased  productivity 
which  lowered  real  consumer  prices 
lowered  farm  prices,  but  it  also  in- 
creased total  farm  output  and  output 
per  farm.  Besides,  the  farmer  ben- 
efits when  productivity  gains  in  the 
industries  supplying  inputs  to  him 
are  passed  on  as  lower  input  costs. 

Net  farm  income  per  farm  has 
doubled  in  real  terms  over  the  last  25 
years  despite  lower  real  prices  of 
farm  commodities  as  a  result  of  pro- 
ductivity gains.  Had  energy  and 
other  farm  input  prices  not  soared 
due  to  the  oil  embargo  and  the  non- 
farm  productivity  slowdown,  farmer 
income  would  have  grown  more.  In 
addition,  the  farmer  benefited  from 
the  reduced  drudgery  of  farm  work 
and  by  not  having  to  work  as  long  for 
each  unit  of  output. 

Recorded  gains  in  farm  labor  pro- 
ductivity can  largely  be  explained 
by  agricultural  mechanization,  in- 
creased crop  yields  per  acre  and  out- 
put per  animal  unit,  and  relatively 
favorable  employment  opportunities 
in  the  nonfarm  economy.  All  output- 
increasing  technologies,  like  corn 
hybrids  and  fertilization,  also  contrib- 
uted to  the  increased  productivity 
of  labor,  as  well  as  land. 

Gains  in  livestock  productivity  are 
the  result  of  increased  feeding  of  con- 
centrates. This  in  turn  was  made 
possible  by  the  mechanical  handling 
systems  for  feed  and  wastes,  the  ad- 
vances in  animal  disease  control  that 
permitted  large  concentrations  of 
animals  in  confinement,  and  the 
greater  ability  of  the  animals  to 
ingest  feed. 

Crop  production  per  acre  has  re- 
sponded to  increased  use  of  fertilizer 
and  agricultural  chemicals.  The 


hybrid  seed  varieties  enabled  the 
fertilizer  to  be  converted  into  grain 
rather  than  green  matter.  In  some 
parts  of  the  country,  production  per 
acre  increased  as  marginal  land  was 
taken  out  of  production.  Higher  rates 
of  fertilization  and  other  manage- 
ment improvements  prevented  a  siz- 
able yield  decrease  in  the  South  and 
East  during  the  acreage  expansion  of 
the  seventies.  Changes  in  weather 
conditions  and  the  use  of  other  pro- 
duction inputs  account  for  crop  yield 
variability. 

Some  Answers 

Has  farm  productivity  leveled  off? 
Generally  no,  but  the  evidence  at 
hand  indicates  that  farm  productiv- 
ity gains  are  becoming  increasingly 
costly. 

Crop  yield  increases  depend  on 
greater  use  of  agricultural  chemicals 
and  fertilizer.  Some  parts  of  the 
country  have  actually  shown  yield 
decreases  in  response  to  higher  levels 
of  land  use.  High  productivity  in  the 
livestock  sector  depends  on  ever 
higher  levels  of  concentrate  feeding. 
Labor  productivity  will  reflect  the  ef- 
fects of  continuing  improvements  in 
machinery  efficiency  more  than 
trends  in  overall  farm  production. 

The  productivity  at  each  stage  be- 
tween the  farm  and  consumer  has 
shown  minimal  gains  in  recent  years 
and  this  is  a  major  contribution  to 
food  cost. 

Has  the  agricultural  production 
capacity  been  reached?  Production 
capacity  depends  on  the  resource 
base  and  the  productivity  of  those  re- 
sources. 

Capacity  in  the  livestock  industry 
is  governed  primarily  by  the  size  of 
the  breeding  stock  and  available  feed 
supplies. 
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Has  the  farmer  reached  the  limits  in  crop  yields?  Economists  say  no, 
but  future  productivity  gains  wil  become  increasingly  more  costly. 


Crop  production  capacity  depends 
on  the  genetic  potential  of  plants,  the 
land  base,  productivity  of  that  land, 
and  available  fertilizers,  pesticides, 
and  other  inputs. 

Increased  crop  productivity  has  re- 
duced the  land  required  to  grow  feeds 
for  U.S.  livestock,  yet  land  use  in 
1980  was  at  historically  record  levels 
due  to  exports.  Further  expansion 
must  come  from  land  not  recently, 
perhaps  never,  used  for  crops.  Those 


lands  require  much  fertilizer  and 
other  inputs  to  approach  the  produc- 
tivity of  lands  currently  being  used. 
New  technology  or  increased  real 
farm  commodity  prices  are  required 
to  bring  these  lands  into  production. 
The  capacity  to  produce  can  be  ex- 
panded, but  at  a  price. 

The  Resource  Base 

Will  the  resource  base  maintain  that 
production  capacity?  Production 
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increases  the  productive  capacity  of  the  land,  but  in  many  areas 
of  the  United  States  —  especially  the  water-short  areas  in  the  West  — 
groundwater  is  being  used  faster  than  the  underground  aquifers  are  being  recharged. 


capacity  and  the  resource  base  are 
snapshots  of  a  given  point  in  time; 
they  are  not  fixed  forever.  The  re- 
sources committed  to,  and  the 
technology  adopted  by,  agriculture 
respond  to  both  price  and  profit. 
Whether  or  not  the  natural  resource 
base  will  maintain  our  productive 
capacity  for  the  future  depends  on 
the  development,  conservation,  and 
management  of  those  resources. 

Soil  erosion  is  a  major  problem  of 
alarming  proportions  in  Iowa— 
America's  agricultural  heartland. 


But  at  the  same  time,  land  once  con- 
sidered only  fit  for  pasture  is  now 
growing  corn  continuously  with  less 
erosion  than  previously  as  a  result  of 
field  consolidation  and  drainage. 

In  seven  High  Plains  States, 
groundwater  is  being  used  faster 
than  the  Ogallala  aquifer  is  being 
recharged  and  Western  energy  de- 
velopments compete  with  irrigated 
agriculture  for  limited  water 
supplies.  However,  sprinkler  (and 
more  recently,  surge)  irrigation  sys- 
tems and  improved  management 
practices  have  greatly  increased  effi- 
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ciency  of  the  irrigation  water  used. 

Wise  use  and  management  of  these 
resources  dictate  that  resource  de- 
velopment and  improvement  invest- 
ments be  made.  Unwise  use  and 
management  will  reduce  the  long 
term  capacity  to  produce.  Constraints 
on  the  quantity  and  quality  of 
natural  resources  are  discussed  in 
more  detail  by  later  chapters  of  this 
section  of  the  book. 

Technology  Outlook 

What  is  on  the  technological  hori- 


zon? Agricultural  science  is  actively 
pursuing  a  number  of  technological 
and  organizational  frontiers  which 
could  substantially  expand  produc- 
tion capacity. 

Research  in  genetic  engineering 
has  demonstrated  the  many  oppor- 
tunities nature  has  provided  for 
plant  adaptability.  Ability  of  plant 
species  to  resist  disease,  heat,  or 
drought  can  be  transferred  from  a 
gene  in  one  cell  of  a  single  plant 
to  entire  colonies  of  other  plants 
through  "host  cells"  other  than  its 
"natural"  one.  Although  the  methods 
of  moving  genes  into  plant  systems 
have  developed  slowly,  the  techniques 
are  beginning  to  appear  and  soon 
will  bloom. 

Plant  tissue  culture  techniques 
have  reduced  the  time  requirements 
from  laboratory  discovery  to  field  use 
in  a  number  of  applications. 

Other  frontiers  of  research  include 
improving  the  efficiency  of  feed  con- 
version in  animals,  developing 
growth  regulators  which  speed  up 
plant  growth,  improving  the  effi- 
ciency of  photosynthesis  (the  process 
through  which  plants  turn  sunlight 
into  plant  sugars)  and  finding  ways 
to  induce  plants  to  obtain  their 
nitrogen  nutrients  from  the  air— 
biological  nitrogen  fixation. 

Many  of  the  breakthroughs  will  be 
highly  information-intensive,  such  as 
integrated  pest  control  strategies. 
Farm  production  units  will  use  com- 
puterized information  systems  to 
analyze  such  diverse  activities  as 
blending  animal  feed  rations,  sched- 
uling crop  irrigation  and  pesticide 
application,  and  determining  both 
the  cropping  mix  and  input  use  for 
highest  net  returns. 

In  a  number  of  cases,  the  break- 
throughs will  combine  systems  of 
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existing  scientific  knowledge,  more 
than  relying  on  new  knowledge. 

Post-Harvest  Potentials 

Perhaps  the  greatest  potentials  for 
enhancing  productivity  to  constrain 
rising  consumer  food  costs  are  in  the 
post-harvest  component  of  the  ag- 
food  system— the  protection,  preser- 
vation, processing  and  fabricating, 
and  the  distribution  aspects  of  the 
agriculture-food  sector. 

Among  these  are  solar-based  grain 
drying  systems;  irradiation  as  an  al- 
ternative to  canning,  freezing  and  re- 
frigeration in  food  preservation;  and 
standardized  pallets  and  containers 
which  facilitate  warehouse  automa- 
tion. The  information  from  retail 
computerized  checkouts  is  just  be- 
ginning to  improve  ordering-and- 
inventory  control  and  to  lower  food 
prices  to  consumers. 

Later  chapters  in  this  section  pro- 
vide a  more  comprehensive  view  of 
the  frontiers  of  agricultural  science 
and  the  research-education-extension 
team  which  generates  knowledge  and 
transfers  it  from  the  laboratory  to 
production  practices. 

And  what  of  food  prices  over  the 
longer  term'?  The  real  price  of  food 
after  adjusting  for  inflation  reflects 
quite  imperfectly  changes  in  the  pro- 
duction of  farm  commodities. 

Where  the  assembly,  processing, 
and  distribution  components  of  the 
ag-food  system  are  relatively  com- 
petitive, farm  productivity  gains  will 
likely  be  translated  into  lower  con- 
sumer prices,  as  occurred  in  fresh 
fruits  and  vegetables  and  livestock 
commodities. 

In  those  components  where  a  com- 
petitive market  is  lacking,  lower  real 
food  prices  rest  on  productivity  gains 


in  the  marketing  system  (and  the 
nonfarm  sector  generally)  which  in- 
crease the  real  incomes  of  all  consum- 
ers more  rapidly  than  the  prices  of 
these  firms'  particular  commodities. 

There  remain  important  questions 
about  the  mix  of  commodities  to  be 
produced  among  crops  and  between 
crops  and  livestock. 

The  tradeoffs  between  domestic 
and  foreign  consumers,  and  the  en- 
vironmental effects  and  resource  cost 
of  the  options  chosen  are  explored  by 
another  chapter  in  this  section. 

Our  Nation  has  clearly  benefited 
from  gains  in  the  productivity  of  our 
human,  plant,  animal,  and  land  re- 
sources. But  in  order  to  continuously 
increase  productivity  we  must  con- 
tinuously invest  in  new  ideas  (re- 
search) leading  to  new  resources, 
machines,  and  ways  of  doing  things 
(capital  and  technology),  and  we 
must  extend  and  communicate  these 
developments  among  ourselves. 

The  institutions,  property  rights, 
and  management  responsibilities 
must  insure  that  all  members  of  soci- 
ety share  the  benefits  from  increas- 
ing productivity  in  order  that  the 
new  technology  be  adopted. 

The  structural  organization  of 
production  and  markets,  agricultural 
resources,  technology,  research,  and 
extension  all  interact  within  the 
U.S.  ag-food  system  to  increase  pro- 
ductivity and  expand  productive 
capacity  and,  ultimately,  combat 
real  food  price  inflation. 


Lloyd  D.  Teigen  is  an  economist  with 
the  National  Economics  Division, 
Economics  Research  Service,  USDA. 
B.R.  Eddleman  is  Professor  of 
Agricultural  Economics,  Mississippi 
State  Univesity,  Mississippi  State. 
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,r   How  Our  Team  Sent  Us  to  the  Food  Super  Bowl  [\ 

V     By  Ovid  [Bay 


The  "team"  used  by  pioneers  was 
oxen  or  horses  (later  mules).  That 
team  was  vital  to  the  existance  of  the 
early  settlers  as  they  cleared  the 
land  and  produced  food  and  fiber 
which  was  mostly  consumed  in  the 
home,  with  some  for  barter  in  local 
villages.  This  system  of  agricultural 
production  required  about  95  percent 
of  the  population  living  on  the  land 
to  produce  enough  surplus  food  to 
permit  the  other  5  percent  of  the 
people  to  live  in  the  villages  as  mer- 
chants, doctors  and  lawyers. 

As  American  agriculture  expanded 
and  moved  West,  it  stayed  "hitched" 
to  this  "team"  for  agricultural  pro- 
duction. It  was  hard  work  and  slow. 

During  colonial  times,  farming  was 
recognized  as  an  important  source  of 
income  as  tobacco  and  cotton  became 
key  commodities  in  international 
trade.  A  few  leaders  such  as  George 
Washington  and  Thomas  Jefferson 
even  wrote  about  and  discussed  ag- 
riculture as  a  science  which  could  be 
explored  and  improved.  Washington 
kept  records  and  experimented  with 
plots  and  rotations  on  his  farms  near 
Mount  Vernon. 

But  agricultural  production  did  not 
change  much.  As  fields  were 
exhausted  with  intensive  cropping  of 
tobacco  and  cotton,  new  land  was 
cleared  and  new  fields  established. 
New  land  was  more  economical  than 
trying  to  maintain  fertility — as  long 
as  new  land  was  available. 

New  Colt  in  the  Pasture 

Nothing  is  quite  as  exciting  as  a  new 


colt  the  first  morning  you  see  it  try- 
ing to  get  all  four  of  its  wobbly  legs 
synchronized  and  find  breakfast  at 
the  same  time. 

The  "new  colt"  that  Congress 
added  to  the  U.S.  "agricultural  team" 
in  1862  was  named  "the  Land-Grant 
Bill"  and  signed  by  President  Lin- 
coln. This  bill  endowed  States  with  a 
total  of  11  million  acres  of  public  land 
they  could  use  to  establish  Land- 
Grant  colleges  of  agriculture,  en- 
gineering and  home  economics. 

This  was  the  seed  money  which 
started  a  system  of  basic  and  applied 
research  for  agriculture.  It  started  on 
wobbly  legs  but  developed  into  an 
educational-agricultural-productive 
system  that  has  never  been  matched 
in  any  other  country. 

A  fortuitous  event  happened  in 
1875— both  Connecticut  and  Califor- 
nia established  an  agricultural  ex- 
periment station! 

Stimulated  by  the  demand  for  the 
development  of  research  at  the  Land- 
Grant  colleges,  Congress  passed  the 
Hatch  Act  in  1887,  appropriating 
$15,000  to  each  State  for  an  agri- 
cultural experiment  station. 

The  Land-Grant  Act  of  1890  recog- 
nized the  part  that  the  16  predomi- 
nantly Black  institutions  and  Tus- 
kegee  Institute  could  provide  in 
reaching  and  teaching  additional 
clientele  in  the  home  and  on  the 
farm. 

Agricultural  research  was  pro- 
gressing in  the  laboratory  and  in 
experimental  plots,  but  part  of  the 
team  was  missing:  How  do  you  get 
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In  the  early  days,  extension 
service  writers  and  editors  quickly 
moved  research  information  to 
farm  families  and  agri-businesses 
through  publications  and  posters. 

the  research  results  from  the  test 
tube  and  research  bench  regularly 
and  quickly  applied  to  the  fields  and 
feedlots  of  farmers  and  ranchers? 
Both  researchers  and  farmers  saw 
the  need. 

Demonstration  Trains 

From  1904  to  1911,  railroad  "dem- 
onstration trains"  carried  speakers 


from  the  Land-Grant  colleges— 
mostly  in  the  Midwest— discussion 
selection  of  seed  corn  and  other  sub- 
jects at  several  stops  each  day.  In 
1911,  62  trains  carried  demonstra- 
tions and  72  lecturers  more  than 
35,000  miles  and  reached  almost  a 
million  people! 

What  is  the  best  way  to  get  re- 
search results  from  the  lab  to  the 
farmer? 

An  uncommonly  successful  ag- 
ricultural teacher  from  New  York 
and  Iowa  with  the  unlikely  name  of 
Seaman  A.  Knapp,  who  obviously 
preferred  the  soil  to  the  sea,  took  the 
idea  of  a  "demonstration  on  the 
train"  to  a  "demonstration  on  the 
farm"  in  Texas.  The  idea  was  to  show 
farmers  in  the  area  of  the  Walter  C. 
Porter  farm  near  Terrell,  Texas,  how 
following  the  directions  of  the  U.S. 
Department  of  Agriculture  (USD A) 
could  help  combat  boll  weevil  dam- 
age to  their  cotton  yields. 

The  idea  worked.  Neighboring 
farmers  watched  Porter  make  $700 
more  on  the  field  following  his  use  of 
the  new  practices,  and  switched  to 
the  same  practices  the  next  year 
(1904). 

The  seed  for  "county  agents"  and 
"extension  of  research  results"  was 
germinating  all  over  the  Nation  and 
caused  Knapp  to  make  the  famous 
and  wise  observation:  What  a  man 
hears,  he  may  doubt,  what  he  sees  he 
may  possibly  doubt;  but  what  he  does, 
he  cannot  doubt. 

Private  and  local  people  (and  tax 
support)  recognized  the  value  of  Ex- 
tension's early  goal  of  "helping 
people  to  help  themselves."  This 
funding  plus  limited  USDA  funds 
gave  Knapp  the  opportunity  to  start 
a  network  of  USDA  agents  in  several 
States  in  1906  and  1907. 
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One  of  the  early  methods  of  reaching  farmers  with  the  latest  research  information  was 
through  farm  club  meetings,  usually  held  at  the  country  schoolhouse. 


Extension  was  real  and  growing! 
Youth  Corn  Clubs  were  showing  par- 
ents the  value  of  selecting  superior 
seed,  and  Canning  Clubs  introduced 
improved  food  processing  and  nutri- 
tional information.  But  these 
forerunners  of  the  Extension  Service 
that  was  to  come  felt  the  need  to 
"legitimize"  their  progeny  to  provide 
it  more  support  and  recognition  from 
the  expanding  subject  matter  de- 
partments at  the  Land-Grant  col- 
leges and  universities. 

The  bill  that  accomplished  this 
feat  and  made  the  Extension  Service 
a  legal,  educational  arm  of  USDA 
was  the  Smith-Lever  Bill  signed  by 
President  Woodrow  Wilson  on 
May  8,  1914. 

Its  program  responsibilities  have 
been  broadened  and  strengthened  by 
amendments  to  the  original  act  and 
passage  of  other  legislation,  such 


as  the  Agricultural  Marketing  Act 
of  1946. 

The  Cooperative  Extension  Service 
now  operates  in  the  50  States,  the 
District  of  Columbia,  Puerto  Rico, 
the  Virgin  Islands  and  Guam.  Recent 
legislation  will  bring  American 
Samoa  and  Micronesia  under  the 
Smith-Lever  Act. 

13,000  Agents 

Today,  the  results  of  agricultural  re- 
search by  USDA  and  university  sci- 
entists flow  from  basic  research  in 
the  test  tube  and  lab  to  applied  test- 
ing in  field  plots  to  the  Extension 
specialists  at  the  State  Land-Grant 
universities  and  institutions  to  the 
County  Extension  Agents. 

These  13,000  area  and  county 
agents  serving  all  of  the  3,150  coun- 
ties in  the  Nation  disseminate  the 
research  results  to  the  farm  family 
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Bill  Harryman  (left),  Christian  County,  Illinois,  is  one  of  13,000  county 
agents  who  disseminate  research  results  through  on-farm  visits,  field 
demonstrations,  and  workshops. 


through  farm  demonstrations,  work- 
shops and  meetings,  publications, 
local  newspapers,  farm  magazines, 
radio  and  television  as  well  as  con- 
stantly by  telephone. 

One  of  the  great  strengths  of  the 
Education-Research-Extension  learn 
is  the  "communications  network", 
which  moves  detailed  information 
quickly  through  channels  that  are  re- 
liable and  can  provide  answers  the 
potential  user  may  need  to  speed  up 
acceptance  and  adoption  of  a  new 
technology.  Many  Extension  staff 
members  have  joint  appointments  in 
research  and  extension. 

Proof  that  the  system  is  working 
well  and  accepted  includes: 

■  A  national  evaluation  report  in 
1979  estimated  two-thirds  of  U.S.  ag- 
ricultural producers  had  direct  con- 


tact with  Extension  programs  in 
1978. 

■  A  recent  Gallup  poll  showed  17 
million  persons,  or  about  10  percent 
of  today's  adult  population,  have  par- 
ticipated actively  at  least  once  in 
some  aspect  of  Extension  home 
economics  and  nutrition  programs. 

■  The  adoption  by  American  farm- 
ers of  hybrid  corn  and  sorghum, 
short-strawed  wheat,  performance 
testing  of  livestock,  integrated  pest 
management,  herbicides,  fungicides, 
improved  varieties,  and  new  comput- 
er farm  management  technology  — 
which  have  increased  their  yields 
and  profits. 


The  Professional  Farmer 

President  Lincoln's  goal  was  to  make 
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higher  education  available  to  youth 
who  could  not  attend  the  Ivy  League- 
universities  in  the  East.  He  could 
not  have  foreseen  how  successfully 
the  Land-Grant  universities  have 
accomplished  his  dream.  The 
professional  farmer  with  a  college 
degree— or  more— is  becoming  as 
common  as  the  professional  in  the 
city. 

Here's  what  the  "Education- 
Research-Extension  Team"  partner- 
ship has  done  to  the  efficiency  and 
productivity  of  American  agriculture: 

■  Today,  only  2.7  percent  of  the 
people  in  the  United  States  live  on 
farms.  They  produce  enough  food  and 
fiber  for  the  consumers  in  the  Nation 
and  to  export  the  production  of  1  acre 
out  of  3  being  tilled.  Over  1  million 
jobs,  not  including  government 
workers,  are  related  to  the  export  of 
U.S.  agricultural  products. 

■  In  1980,  approximately  65  percent 
of  our  wheat  production,  42  percent 
of  our  soybean  production  (760  mil- 
lion bushels— compared  with  432 
million  bushels  10  years  earlier),  and 
37  percent  of  our  feed  grain  produc- 
tion moved  into  export  channels.  The 
wheat  we  ship  abroad  will  comprise 
40  percent  of  the  world  trade  in 
wheat. 

■  Without  farm  exports,  which  ex- 
ceeded agricultural  imports  by  $24 
billion  in  1980,  the  U.S.  overall  trade 
balance  would  be  that  much  more  in 
the  red. 

The  success  of  the  Extension  adult 
education  program  for  people  in  the 
countryside  is  due  to  a  Federal- 
State-County  partnership  approach 
with  funding  40  percent  Federal,  40 
percent  State  and  20  percent  county. 
This  educational  system  is  based  on 


the  premise  that  colleges  and  univer- 
sities could  educate  adult  people  in 
the  rural  areas  just  as  effectively  as 
they  educate  the  young  people  who 
go  to  the  campus  for  a  degree. 

USDA  has  played  a  significant  role 
in  supporting  and  funding  this  con- 
cept to  bring  about  an  affluent  and 
educated  society— especially  in  up- 
grading the  knowledge  farmers  and 
farm  families  have  regarding  how  to 
apply  new  technology  to  produce  food 
and  fiber  on  American  farms  and 
ranches,  and  to  improve  the  quality 
of  living  in  rural  areas. 

From  its  beginning,  the  research 
and  extension  education  function  has 
been  the  core  of  the  USDA.  It  has 
brought  to  the  people  on  the  land  im- 
proved production,  increased  effi- 
ciency and  greater  income.  It  has 
brought  to  the  American  consumer 
high  quality  food  at  the  lowest  per- 
centage of  income  of  any  nation  on 
earth— about  17  percent  of  the  aver- 
age family's  income. 

Leaner  Meat  With  Less  Grain 

Chicken  was  once  considered  a  spe- 
cial meat  for  the  country  preacher  as 
he  rotated  Sunday  dinners  with 
members  of  his  "flock." 

"A  chicken  in  every  pot"  was  an 
economic  promise  by  some  politi- 
cians. But  it  took  research  to  discover 
and  extension  education  to  transfer 
the  technology  from  genetics  to  the 
incubator,  to  improved  nutrition,  to 
mechanized  feeding,  to  improved 
processing  and  packaging  to  make 
poultry  products  one  of  the  most 
economical  meats  for  consumers  to 
put  in  the  pot  or  frying  pan  today. 

Genetically  improved  "meat  type" 
hogs  are  making  more  efficient  use  of 
grain  and  producing  pork  cuts  with  a 
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higher  portion  of  lean  meat  than 
pork  carcasses  of  10  years  ago.  "Per- 
formance testing"  of  beef  cattle  is 
also  producing  beef  cuts  with  less  fat. 

Hens  are  laying  240  eggs  per  year 
compared  to  218  eggs  10  years  ago. 
The  average  dairy  cow  on  Dairy 
Herd  Improvement  Association  rec- 
ords is  producing  14,644  pounds  of 
milk  compared  to  12,750  pounds 
a  decade  ago. 

Increased  efficiency  of  production 
of  meat,  milk,  eggs,  vegetables  and 
fruit  due  to  research  is  reflected  in 
holding  down  the  cost  of  food  and  in 
providing  a  margin  of  profit  to  per- 
mit farmers  and  ranchers  to  stay  in 
business.  Hence  the  highly  efficient 
American  agriculture  does  show  up 
in  the  marketplace. 

This  section  of  the  Yearbook  will 
illustrate  with  case  histories  and 
examples  how: 

■  Techniques  such  as  conservation 
tillage  reduce  soil  erosion 

■  Integrated  Pest  Management 
controls  insects 

■  Scheduling  irrigation  conserves 
water 

■  Genetic  progress  will  increase 
livestock  production 


Ovid  Bay  is  Acting  Director  of 
Information,  Extension  Service. 
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Livestock  farmers  take  advantage  of  USDA  research  and  extension 
education  programs  in  improving  meat  production.  Today's  "meat  type" 
hog  puts  on  more  lean  meat  while  consuming  less  grain. 
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Ways  That  We'll  Continue  to  Be  Well  Fed 


Coordinated  by  A.A.  jHanson 


N: 


I  o  one  factor  determines  the  suc- 

I  cess  of  crop  production.  Selection 
of  the  best  adapted  plant  variety,  the 
best  plant  population,  the  best  soil 
fertility  program  and  the  best  har- 
vesting and  storage  practice  will  not 
guarantee  success  if  weeds  and  other 
plant  pests  are  not  controlled,  or  if 
the  crop  is  damaged  by  unfavorable 
weather  conditions. 

Crop  production  is  influenced  not 
only  by  advances  in  plant  breeding, 
pest  control  and  soil  and  water  man- 
agement but  also  by  the  emergence 
of  new  plant  pests,  new  races  or 
strains  of  existing  pathogens  (disease 
producing  organisms),  changes  in 
water  supply  and  water  quality,  and 
factors  that  influence  the  supply  and 
availability  of  fertilizer  or  other  es- 
sential components  of  a  total  crop 
production  system. 

Research  has  been  responsible  for 
changing  the  face  of  crop  production. 
We  can  refer  to  the  major  research 
accomplishments  that  contributed  to 
the  advent  of  hybrid  varieties,  the  in- 
troduction of  chemical  weed  control, 
the  development  of  innovative  tillage 
practices  and  advances  in  agricul- 
tural machinery,  to  reinforce  the  va- 
lidity of  this  statement. 

However,  within  the  broad 
framework  of  modern  agriculture, 
the  basic  components  of  production 
are  improved  in  comparatively  small 
steps.  Crop  varieties  are  improved  by 
adding  plant  resistance  to  a  greater 
array  of  insect  pests  and  diseases, 
and  breeding  for  improved  quality 


and  improved  adaptation  to  specific 
environments.  This  is  true  for  all  re- 
search, and  hence  it  is  only  with  time 
that  the  full  impact  of  much  ongoing 
research  is  realized  in  the  improve- 
ment of  average  crop  yields  and  im- 
proved stability  in  crop  production 
systems. 

Thus,  the  average  annual  increase 
in  yield  of  soybeans  has  been  about 
one-quarter  of  a  bushel  per  year  for 
the  past  60  years.  During  this  period, 
the  yield  of  soybeans  on  individual 
farms  has  increased  dramatically  fol- 
lowing adoption  of  superior  crop  pro- 
duction practices. 

Starts  With  Soil 

Crop  production  efficiency  starts 
with  our  soil  resources  and  the  crop 
germplasm  that  is  available  to  public 
and  private  plant  breeders  who  are 
engaged  in  improving  the  yield  and 
quality  of  our  crops. 

Effectiveness  of  the  total  system 
depends  on  adequate  seed  supplies  of 
superior  varieties,  seed  that  is  true  to 
variety  and  high  in  purity  and  ger- 
mination, use  of  appropriate  soil  and 
water  conservation  and  tillage  prac- 
tices, sound  pest  control  programs, 
and  the  correct  timing  of  the  many 
operations  involved  in  production  — 
planting,  pest  control,  irrigation  and 
harvesting. 

The  system  is  supported  by  re- 
search and  educational  programs 
conducted  by  public  agencies  and 
private  companies,  by  publicly  sup- 
ported Extension  agents  and  private 
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farm  advisors,  and  by  crop  consult- 
ants who  specialize  in  all  phases  of 
crop  and  soil  management. 

This  chapter  includes  examples  of 
advances  in  crop  production  that 
have  had  and  will  continue  to  have  a 
significant  effect  on  U.S.  agriculture. 
Among  them  are  research  develop- 
ments in  conservation  tillage,  multi- 
ple cropping,  efficiency  of  fertilizer 
and  water  use,  building  improved 
populations  of  crop  plants,  breeding 
asexual  plants  (plants  independent  of 
sexual  processes),  plant  propagation 
technology,  combating  plant  pests  via 
breeding  for  durable  resistance, 
biological  pest  control  and  integrated 


pest  management,  and  the  role  of 
growth  regulators  in  crop  production. 

Many  major  advances  in  the 
technology  of  crop  production  are  not 
included  in  the  chapter.  We  recognize 
this  deficiency  but  trust  that  the 
selected  examples  will  serve  to  illus- 
trate the  manner  in  which  research 
is  supporting  the  country's  need  to 
improve  methods  of  crop  production. 


A.  A.  Hanson,  coordinator  of  this 
chapter,  is  Vice  President  and  Director 
of  Research,  W-L  Research,  Inc., 
Highland,  Md. 


Conservation  Tillage 

Our  soils  are  our  greatest  national  resource.  Technology  and 
management  practices  developed  for  clean  tillage  have  allowed 
production  of  large  amounts  of  food  and  fiber  on  these  soils.  Clean 
tillage,  however,  has  exposed  the  soil  to  rain  and  wind  and  has  re- 
sulted in  potential  dangerous  erosion  rates.  Erosion  has  destroyed 
the  productivity  of  much  of  our  land  and  has,  in  only  the  last  100 
years,  removed  roughly  50  percent  of  the  topsoil  from  much  of  the 
highly  productive  central  U.S.  Corn  Belt. 

Conservation  tillage— which  includes  those  farming  practices 
that  leave  plant  material  from  the  previous  crop  on  the  soil 
surface— has  the  potential  to  control  soil  erosion  on  many  soils  and 
to  preserve  our  soil  resource  indefinitely. 

Conservation  tillage  reduces  erosion  because  the  plant  material 
shields  the  soil  surface  from  high  winds  and  raindrops  and  pre- 
vents loosening  and  carrying  away  of  soil  particles.  If  soil  is  not 
lost,  plant  nutrients,  pesticides,  and  soil  organic  matter  remain 
in  the  field  where  they  are  most  useful  for  crop  production. 

Why  then  is  all  our  soil  that  is  vulnerable  to  erosion  not  being 
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protected  by  conservation  tillage?  The  answer  is  that  proven 
technology  and  management  practices  for  clean-tilled  soils  do  not 
always  work  for  conservation-tilled  soils. 

Planters  and  drills,  which  work  very  well  in  clean-tilled  fields, 
do  not  generally  work  well  with  plant  material  on  the  soil  surface. 
Most  conventional  planters  are  unable  to  penetrate  plant  material 
to  open  a  seed  furrow  and  to  place  the  seeds  in  a  uniformly  favora- 
ble environment  for  germination  and  emergence.  Plant  material  on 
the  surface  insulates  and  keeps  the  soil  colder  in  the  spring  and 
thus  slows  plant  growth.  If  the  soil  is  not  moldboard-plowed,  fer- 
tilizers are  not  mixed  very  deeply  into  the  soil.  Herbicides  that 
land  on  the  plant  material  are  not  effective  for  weed  control  unless 
they  are  washed  to  the  soil  by  rain  or  mixed  into  the  soil  by  tillage. 
Cultivators  that  work  well  in  clean-tilled  fields  may  plug  with 
plant  material  when  used  in  conservation-tillage  conditions. 

Farmers  with  a  high  level  of  management  skill  are  adjusting 
their  practices  to  minimize  these  problems,  and  are  producing 
yields  equal  to  or  exceeding  those  of  their  clean-till  farm  neighbors. 
In  many  instances,  however,  poor  management  practices  or  lack  of 
knowledge  concerning  best  management  practices  for  these  condi- 
tions have  resulted  in  reduced  yields. 

Agricultural  scientists  are  working  to  improve  productivity  of 
conservation-tillage  systems.  State  Extension  personnel  can  gener- 
ally indicate  the  minimum  amount  of  tillage  required  for  optimum 
production  on  given  soils.  Integrated  pest  management  programs 
exist  in  various  areas  and  can  be  of  considerable  assistance  in 
designing  an  insect  and  weed  control  program  for  conservation 
tillage. 

The  highest-yielding  plant  varieties  for  clean-tilled  conditions 
usually  are  recommended  for  conservation-tilled  fields.  Scientists 
are  breeding  into  these  varieties  tolerance  to  cooler  soils,  which 
should  help  to  maintain  or  increase  yields  of  the  varieties  when 
planted  in  cooler  conservation-tilled  soils. 

Some  farm  equipment  manufacturers  are  producing  lines  of 
equipment  specifically  designed  for  operation  with  plant  material 
on  the  soil  surface.  These  new  designs  promote  better  seed  place- 
ment under  these  conditions,  better  plant  stands,  and  better  weed 
control.  Certain  fertilizer  application  implements  allow  subsurface 
application  of  liquid  or  dry  fertilizers  while  maintaining  adequate 
amounts  of  plant  materials  on  the  soil  surface.  These  technological 

Maryland  farmer  plants  corn  in  previous  year's  soybean  stubble  by  the  no-till 
method  of  conservation  tillage.  This  practice  greatly  reduces  the  threat  of 
soil  erosion  and  saves  energy.  Field  will  be  sprayed  to  control  annual  weeds. 
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advances  are  presently  enhancing  economic  returns  of  the  farmers 
using  conservation  tillage. 

Loss  of  a  nation's  most  valuable  resource  is  a  frightening 
thought.  However,  the  United  States  has  lost  roughly  half  of  its 
most  valuable,  yet  most  taken-for-granted,  natural  resource— its 
topsoil. 

The  United  States  has  the  highest  crop  returns  per  acre  of  any 
nation  on  earth,  largely  because  of  the  soil  within  the  U.S.  bound- 
aries. Continued  large-scale  soil  loss  by  erosion  could  very  likely 
change  this  enviable  position. 

Increased  emphasis  on  technological  developments  for  conserva- 
tion tillage  and  increased  use  of  conservation  tillage  techniques  by 
farmers  will  help  to  maintain  present  soil  resources  and,  it  is 
hoped,  will  maintain  or  increase  productivity. 

By  Richard  M.  Cruse,  Assistant  Professor  of  Agronomy,  Iowa  State  University,  and 
Donald  C.  Erbach,  Agricultural  Engineer,  USDA,  stationed  at  Iowa  State.  Both  are  at 
Ames. 


Multiple  Cropping  — Ace  in  the  Hole 


Multi-cropping  offers  much  opportunity  to  provide  additonal  pro- 
duction from  present  land  resources  and  truly  is  an  ace  in  the  hole 
as  world  food  demands  stretch  land  resources. 

This  system  can  be  described  as  growing  two  or  more  crops  in 
one  growing  season,  utilizing  climatic  patterns  in  different  geo- 
graphic areas  to  increase  total  production  per  unit  of  land.  The 
multi-crop  potential  may  be  the  most  important  of  today's  modern 
agriculture  developments. 

Recent  introduction  of  new  technology  such  as  the  no-tillage  sys- 
tem, herbicides  and  residue  management  offers  an  opportunity  to 
increase  double  cropping.  Fuel  for  producing  agricultural  products 
has  become  expensive  and  no  longer  is  available  in  unlimited  sup- 
ply. By  using  no-tillage,  multi-cropping  techniques,  two  to  three 
crops  can  be  planted  with  the  same  fuel  required  for  one  conven- 
tional crop.  Fuel  for  harvest,  processing  and  transportation  would 
be  higher  than  in  single  crop  production  owing  to  increased  produc- 
tion and  the  extra  harvest. 

Farmers  and  researchers  agree  that  multi-cropping  can  add  a 
minimum  of  2,000  pounds  of  grain  production  per  acre  of  land  com- 
pared with  single  crop  production  normally  used  in  much  of  the 
temperate  agricultural  zones.  Besides  increased  output,  the  overall 
cost  of  production  is  reduced.  Equipment  is  used  more  frequently 
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and  labor  requirements  spread  more  evenly  through  the  year. 

As  farmers  move  to  multi-cropping,  timing  of  planting  the  sec- 
ond and  third  crops  becomes  limited  along  with  pressures  of  har- 
vesting the  mature  crop.  The  no-tillage  system,  by  eliminating 
plowing  and  land  preparation,  reduces  the  time  element  while  re- 
taining soil  moisture  present,  and  reducing  runoff,  soil  erosion  and 
evaporation.  These  items  are  essential  given  the  intensive  cultiva- 
tion characteristics  of  a  multi-cropping  system.  Long-term  advan- 
tages include  improving  or  at  least  maintaining  soil  structure 
under  the  stress  of  planting  and  harvesting  two  to  three  crops 
every  year. 

Multi-cropping,  historically  used  in  southern  regions  of  the 
U.S.,  has  expanded  into  the  southern  and  western  Corn  Belt  with 
the  introduction  and  adoption  of  new,  reduced  multi-cropping 
tillage  systems.  Several  States  now  grow  500,000  to  1,000,000 
acres  of  double-cropped  grains  which  add  from  $100  to  $200  per 
acre  in  increased  gross  income.  Cash  flow  is  more  favorable  with 
sales  of  crops  occurring  from  2  to  3  times  per  year  compared  to  1 
time  with  single  crop  growers. 

The  multi-cropping  system  used  in  a  given  locality  depends 
largely  on  the  climate,  with  special  emphasis  on  length  of  growing 
season  and  rainfall. 

In  the  middle  latitudes  of  the  United  States  the  most  popular 
sequence  is  winter  wheat  followed  by  soybeans,  in  which  case  the 
wheat  is  harvested  as  early  as  possible  and  the  soybeans  planted 
immediately  after  harvest.  In  the  fall,  aerial  seeding  of  wheat  into 
standing  soybeans  can  begin  the  sequence  again,  giving  the  wheat 
a  longer  time  to  begin  growing  before  cold  weather  comes  and 
saving  time  and  labor  in  the  bargain.  The  northern  limit  of  this 
sequence  is  the  southern  part  of  the  Midwest. 

Other  systems  which  fit  the  same  area  are  wheat  or  barley  fol- 
lowed by  corn  for  silage  or  small  grains  for  silage  followed  by  corn 
for  grain. 

As  one  moves  south  the  growing  season  is  longer  but  the  water 
deficit  becomes  more  severe.  In  Georgia,  for  example,  wheat  can  be 
followed  by  corn  for  grain,  but  it  generally  is  less  risky  to  use  grain 
sorghum  because  of  its  better  performance  under  drought  stress.  In 
subtropical  regions  of  the  country  there  is  the  possibility  of  follow- 
ing corn  with  sorghum  — so  that  two  summer  crops  are  grown  in 
one  year. 

Unfortunately,  with  all  changes  certain  disadvantages  appear. 
The  most  notable  with  multi-cropping  is  the  added  management 
ability  required  on  the  producer's  part.  Producers  need  to  adjust  to 
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the  pressure  of  harvesting  one  crop  and  planting  another,  and  to 
improve  their  agronomic  information  on  all  crops  in  the  multi- 
cropping  system.  Mastering  the  no-tillage  methods  of  growing 
crops  will  be  a  new  dimension  for  most  farmers. 

Selection  of  pesticides  must  be  changed  for  multi-cropping  to 
prevent  possible  harmful  residues  being  carried  over  from  crop  to 
succeeding  crops. 

Multi-cropping  is  not  limited  to  the  large  grain  grower  but  is 
equally  adaptable  to  the  livestock  producer.  Livestock  farmers  use 
similar  crop  species  for  silage  to  increase  total  feed  and  to  pro- 
vide supplementary  silage  during  low  forage  production  periods 
created  by  climatic  factors. 

Whatever  the  system,  multi-cropping  demands  careful  manage- 
ment to  save  time  and  water.  One  method  favored  is  direct  seeding 
of  the  second  crop  in  the  residue  of  the  first  without  any  prepara- 
tion of  the  soil. 

The  "marriage"  of  no-tillage  with  multi-cropping  has  been  the 
key  to  its  success  in  Kentucky,  'Virginia,  Delaware  and  other 
States.  At  present,  for  example,  essentially  all  the  wheat  grown  in 
Kentucky  is  followed  by  soybeans  and  most  of  the  double-cropped 
soybean  acreage  is  planted  in  wheat  stubble.  As  herbicides  have 
multiplied,  this  planting  system  has  begun  to  move  south  where  its 
potential  is  even  greater  than  in  the  central  part  of  the  country. 

The  effect  of  multi-cropping  on  production  per  acre  is  striking. 
For  example,  with  average  yields  the  wheat  represents  a  bonus 
production  of  more  than  2,000  pounds  per  acre  since  soybean  yields 
are  not  affected  very  much  and  costs  of  planting  soybeans  are  re- 
duced. Increased  income,  soil  conservation  and  energy  saving  all 
favor  the  multi-cropping  system  as  well.  Nor  is  the  system  limited 
to  the  United  States;  Brazil  and  Argentina  both  have  large  acre- 
ages where  multi-cropping  is  practiced. 

As  our  management  skills  increase,  the  acreage  devoted  to 
multi-cropping  will  rise  sharply  without  additional  land  require- 
ments. Truly,  multi-cropping  is  an  "ace  in  the  hole." 

By  G.W.  Thomas,  Professor  of  Agronomy,  and  S.H.  Phillips,  Associate  Director  of 
Extension,  University  of  Kentucky,  Lexington. 


Better  Use  of  Fertilizer 


Use  of  fertilizers  has  made  possible  the  high  crop  yields  which 
American  farmers  have  achieved  and  abundant  food  supplies  for 
consumers.  With  rising  fertilizer  costs,  agricultural  researchers  are 
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A  Midwest  farmer  applies  ammonia  —  a  popular  source  of  nitrogen 
fertilizer  —  to  one  of  his  fields.  Of  all  fertilizers,  nitrogen  has  the  biggest 
effect  on  crop  yields.  Researchers  are  studying  ways  to  make  nitrogen 
more  efficient. 

studying  ways  to  increase  fertilizer  use  efficiency.  They  are  inves- 
tigating how  more  yield  can  be  obtained  with  the  same  amount  of 
fertilizer  currently  applied  rather  than  using  more. 

The  soil  fertility  specialist  and  plant  breeder  are  joining  forces  to 
find  those  plant  varieties  which  use  fertilizer  nutrients  more  effi- 
ciently. Some  interesting  things  point  to  increased  efficiency  in 
fertilizer  use  by  plants. 

Large  amounts  of  nitrogen  fertilizer  are  dispensed  in  crop  pro- 
duction, and  it  is  the  fertilizer  that  generally  has  the  biggest  effect 
on  yield.  Corn  is  the  crop  in  the  United  States  which  receives  large 
amounts  of  nitrogen  fertilizer.  Researchers  have  found  that  corn 
plants  with  two  ears  take  up  more  nitrogen  per  plant  and  produce 
more  grain  than  plants  with  only  one  ear. 

Two-eared  plants  also  remove  more  nitrogen  from  stalk  and 
leaves  and  transfer  it  to  the  grain.  That  means  these  plants  are 
more  efficient  in  using  fertilizer  nitrogen  than  one-eared  plants. 

Most  present  commercial  corn  hybrids  have  only  one  ear  per 
plant.  However,  in  the  future  we  can  expect  that  many  will  be  two 
eared,  thus  profiting  from  their  greater  nitrogen  efficiency. 

Phosphorus  is  another  nutrient  supplied  in  large  amounts  by 
adding  fertilizer.  Most  plants  in  a  growing  season  are  only  able  to 
take  up  10  to  20  percent  of  the  phosphorus  applied.  Recent  studies 
show  the  amount  of  phosphorus  taken  up  by  a  plant  is  related  to 
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the  total  length  of  roots.  Development  of  plants  with  greater  root 
length  is  one  approach  to  increasing  phosphorus  efficiency. 

For  many  years  people  have  known  that  pine  trees  have  a  fungus 
on  their  roots— the  association  called  mycorrhizae.  This  fungus- 
root  association  increases  greatly  the  surface  area  distributed 
throughout  the  soil  and  which  is  the  absorbing  surface  for  uptake 
of  nutrients.  Root  systems  with  mycorrhizae  are  much  more  effi- 
cient in  taking  up  phosphorus. 

Crop  plants  can  be  inoculated  with  specific  fungi  which  will  re- 
sult in  much  greater  uptake  of  phosphorus.  Although  this  is  rela- 
tively new,  it  holds  considerable  promise  for  improving  phosphorus 
efficiency. 

By  Eugene  J.  Kamprath,  Professor  of  Fertilizer  Management,  North  Carolina  State 
University,  Raleigh. 


Saving  Water 

Water  is  the  most  limiting  natural  resource  for  crop  production 
in  semiarid  agricultural  areas.  The  amount  of  water  required  to 
produce  a  crop  depends  on  length  of  the  growing  season  from  plant- 
ing to  harvest  and  on  length  of  the  period  that  a  full  green,  actively 
growing  crop  cover  exists.  When  rainfall  plus  water  stored  in  the 
soil  since  the  previous  harvest  do  not  meet  crop  needs,  crop  yields 
are  reduced  in  proportion  to  the  water  deficit. 

Irrigation  is  used  to  reduce  or  eliminate  this  deficit.  Irrigation  to 
eliminate  all  effects  of  water  deficits  on  crop  yields  is  usually  prac- 
ticed once  a  system  is  installed.  Full  irrigation  in  many  semiarid 
irrigated  areas  is  depleting  ground  water  supplies,  lowering  the 
water  table  and  increasing  the  pumping  lift  (the  vertical  distance 
water  must  be  lifted  from  source  to  point  of  discharge). 

Pumping  costs  in  some  areas  have  increased  several  times 
because  of  energy  costs  in  addition  to  increased  pumping  lifts. 
In  pump-irrigated  areas,  energy-related  costs  may  account  for 
60  percent  of  all  variable  farm  production  costs,  with  about  half 
of  these  for  irrigation  pumping. 

During  the  past  two  decades,  we've  learned  a  lot  about  how  to 
manage  water  to  get  the  greatest  crop  production  from  each  unit  of 
water  used  by  the  crop.  We  evaluate  the  production  per  unit  of 
water  with  the  term  "water  use  efficiency"  (WUE).  For  example, 

■  Near  Amarillo,  Texas,  long  term  WUE  for  dryland  grain  sor- 
ghum averaged  0.45  kg  grain/m3  of  water  (3.8  pounds  of  sorghum 
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per  1,000  gallons),  and  that  for  wheat  averaged  0.24  kg/m3  (2.0 
pounds  of  wheat  per  1,000  gallons).  Well-timed,  limited  irrigations 
can  increase  WUE  for  grain  sorghum  to  1.40  kg/m3  (11.7  lb/1,000 
gal)  and  for  wheat  to  0.55  kg/m3  (4.6  lb/1,000  gal). 

■  Crop  response  to  limited  irrigation  is  not  the  same  each  year 
because  it  depends  on  climate  and  especially  on  the  amount  and 
distribution  of  rainfall. 

■  When  there  is  a  water  deficit,  crop  yield  is  reduced  less  if  the 
deficit  is  distributed  throughout  the  growing  season  so  that  plant 
water  stress  develops  gradually,  allowing  plants  to  adapt. 

■  Greatest  yield  increase  from  limited  irrigations  occurs  when 
irrigations  are  applied  just  before  the  critical  growth  stage,  which 
usually  coincides  with  the  period  of  maximum  water  use. 

■  Greatest  yield  increase  per  unit  of  water  pumped  is  obtained 
when  all  the  water  is  made  available  to  the  crop— that  is,  runoff 
is  prevented  or  reused,  water  is  applied  uniformly,  and  all  water 
applied  to  the  soil  is  held  within  the  root  zone. 

■  In  semiarid  areas,  soils  often  are  cropped  every  other  year  so 
some  of  the  precipitation  received  from  harvest  of  one  crop  until 
planting  of  the  next  can  be  stored  in  the  soil.  The  proportion  of  pre- 
cipitation stored  during  this  "fallow"  period  is  called  the  storage  ef- 
ficiency. Storage  efficiency  can  be  increased  if  the  soil  root  zone  is 
dry  at  harvest  and  if  conservation  tillage  is  used,  which  decreases 
runoff,  increases  infiltration  and  reduces  evaporation  by  leaving 
crop  residues  on  the  soil  surface. 

Maintaining  crop  residues  on  the  surface  is  very  important.  For 
example,  the  amount  of  precipitation  stored  during  a  fallow  period 
in  the  central  and  northern  Great  Plains  was  increased  from  16 
percent  with  no  wheat  straw  mulch  to  34  percent  with  a  straw 
mulch.  Storage  increased  from  23  percent  without  mulch  to  46 
percent  with  mulch  near  Amarillo,  Texas. 

A  limited  irrigation  before  planting  is  only  about  half  as  effec- 
tive in  increasing  yields  as  an  irrigation  after  the  crop  is  estab- 
lished, unless  the  preseason  water  is  required  for  seed  germination 
and  plant  emergence. 

A  new  farming  system  is  being  developed  for  the  southern  Great 
Plains  that  combines  the  best  of  irrigation  and  dryland  water  con- 
servation practices.  Ground  water  is  being  depleted  in  this  area 
and  pumping  costs  are  increasing.  This  Limited  Irrigation-Dryland 
(LID)  farming  system  automatically  adjusts  the  proportion  of  a 
field  that  is  irrigated  depending  on  rainfall  received  during  the 
growing  season.  Runoff  from  seasonal  rainfall  is  prevented. 

The  first  year,  the  increase  in  grain  sorghum  production  ob- 
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tained  per  unit  of  irrigation  water  pumped  with  the  LID  system 
was  double  that  obtained  with  conventional  furrow  irrigation,  in 
which  35  percent  of  the  water  applied  was  lost  to  runoff  and  some 
runoff  from  rainfall  probably  occurred. 

Other  systems  also  are  being  developed  to  produce  maximum 
crop  production  per  unit  of  water  applied.  For  example,  in  Texas  a 
linear  move  sprinkler  lateral  has  been  modified  to  uniformly  de- 
liver limited  amounts  of  water  directly  to  the  furrows  through  drop 
tubes,  which  avoids  evaporation  and  spray  drift  losses.  Furrow 
dams  are  used  to  retain  all  applied  water  and  rainfall. 

Trickle  (drip)  irrigation  systems  enable  small  amounts  of  water 
to  be  applied  at  frequent  intervals  directly  to  the  soil  surface  or 
below  the  surface.  Trickle  irrigation  is  now  economical  mainly  for 
orchard  and  vine  crops  that  have  low  plant  density  and  for  high- 
value  specialty  horticultural  crops. 

The  amount  of  water  used  by  a  crop  is  similar  with  all  irrigation 
methods,  but  high  field  irrigation  efficiencies  are  easier  to  obtain 
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mated, and  nitrogen  fertilizer  applied  through  the  trickle  system 
can  increase  fertilizer  efficiency.  Emitter  clogging  is  the  main 
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By  Marvin  E.  Jensen,  National  Research  Program  Leader,  Agricultural  Research 
Service,  (ARS),  USDA,  Beltsville,  Md.,  and  J.T.  Musick,  Agricultural  Engineer, 
ARS,  stationed  at  Bushland,  Tex. 


Genetic  Safeguards 

A  major  epidemic  of  corn  leaf  blight  in  1970  focused  worldwide 
attention  on  the  dangers  of  planting  too  much  acreage  of  any  crop 
to  varieties  susceptible  to  a  single  disease  or  insect  pest. 

That  event  led  to  a  study  by  the  National  Academy  of  Sciences. 
The  Academy's  report,  published  in  1972,  showed  that  as  few  as  6 
to  10  varieties  were  used  to  plant  more  than  half  the  acreage  of 
each  of  our  major  crops.  It  cautioned  plant  breeders  to  develop 
large  numbers  of  "reserve"  varieties  and  to  search  out  and  use  di- 
verse breeding  material  able  to  counter  new  disease  or  insect  pests. 
And  it  urged  government  to  actively  support  germplasm  banks — 
collections  of  breeding  material  gathered  from  around  the  world, 
carefully  evaluated  and  safely  stored  for  future  use  by  plant 
breeders. 

Response  by  plant  breeders  in  the  nearly  10  years  since  this  re- 
port's publication  is  encouraging.  Progress  was  recently  measured 
by  a  survey  reporting  on  the  status  of  breeding  programs  of  over  75 
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Technicians  check  the  emitter  on  the  plastic  hose  in  a  drip  irrigation 
system  set  up  in  a  young  avocado  grove  in  California.  Drip  irrigation  is 
a  highly  efficient  way  of  applying  water  on  orchard  and  vine  crops. 
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percent  of  the  U.S.  breeders  of  cotton,  soybeans,  wheat,  sorghum 
and  corn. 

The  survey  shows  that  while  farmers  still  tend  to  plant  a  large 
proportion  of  their  acreage  to  a  relatively  small  number  of  superior 
varieties  of  each  crop,  an  appreciably  smaller  percentage  of  acres 
was  planted  to  the  top  six  varieties  of  cotton,  soybeans  and  corn  in 
1980  than  in  1970. 

The  new  survey  also  documents  the  increasing  rate  at  which 
leading  varieties  are  being  replaced.  This  turnover  in  varieties, 
called  "diversity  in  time,"  helps  prevent  buildup  of  disease  and  in- 
sect pests  specific  to  a  particular  variety  For  example,  most  vari- 
eties are  now  planted  only  6  to  10  years  before  being  replaced 
by  newer,  superior  ones. 

Further,  the  breeders  who  were  surveyed  believe  varietal 
lifetimes  will  be  shorter  in  the  future  because  of  greatly  increased 
plant  breeding  activity  in  the  private  sector,  especially  in  cotton, 
soybeans  and  wheat.  (Com  and  sorghum  breeding  have  had  large 
contributions  from  the  private  sector  for  many  years.) 

The  survey  revealed  a  second  important  safeguard  against 
genetic  vulnerability:  We  have  a  very  large  number  of  reserve 
varieties  on  hand  in  each  crop. 

First-line  reserves— fully  tested  varieties  and  hybrids  now 
grown  on  farms— are  up  to  100  times  as  numerous  as  the  5  to  10 
leading  varieties  in  each  crop.  Supplies  of  these  could  be  rapidly 
expanded,  if  needed. 

Second-line  reserves,  with  several  years  of  testing  but  not  yet  re- 
leased, usually  number  in  the  thousands  for  each  crop.  Third-  and 
fourth-line  reserves,  varieties  in  the  early  stages  of  testing, 
number  in  the  hundreds  of  thousands. 

Equally  important,  a  strong  majority  of  the  breeders  in  each  crop 
say  that  breeding  materials  in  their  programs  are  more  diverse  in 
genetic  background  than  they  were  ten  years  ago.  Sources  of  this 
increased  genetic  diversity  include  elite  varieties  from  other  parts 
of  the  world,  primitive  varieties  from  areas  where  the  crop  is  most 
diverse  and  has  undergone  the  most  selection  for  resistance  to 
numerous  disease  and  insect  problems,  and  weedy  relatives  of  the 
crop  species  or  even  related  wild  species. 

Although  this  issue  was  not  included  in  the  survey,  it  should  be 
noted  that  individual  farmers  contribute  to  further  genetic  diver- 
sity by  planting  several  hybrids  or  varieties  with  varying  genetic 
backgrounds. 

Plant  breeders  listed  a  number  of  activities  which  could  help 
them  further  broaden  the  genetic  base  of  our  major  crops.  Many 
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items  in  the  U.S.  germplasm  collections  are  not  described 
adequately;  in  order  to  use  them,  they  must  first  be  grown  and 
evaluated,  delaying  their  use  in  meeting  a  new  insect,  disease  or 
other  environmental  change.  More  efforts  should  also  be  made  to 
add  to  the  collections  before  old  varieties— irreplaceable  sources 
of  genetic  diversity— disappear  as  farmers  in  developing  nations 
replace  them  with  modern,  high  yield  varieties. 

In  total,  the  survey  provides  a  picture  of  progress.  The  level  of 
genetic  diversity  in  breeding  programs  for  major  crops  has  been 
greatly  improved  in  the  past  ten  years.  A  majority  of  the  breeders 
surveyed  see  little  chance  of  another  1970's-like  disaster  caused 
by  excessive  genetic  uniformity. 

Increased  plant  breeding,  stimulated  by  legislation  that  helps 
companies  recover  their  research  investment,  promises  to  further 
increase  the  genetic  diversity  that  now  exists.  Thousands  of  "re- 
serve" varieties  stand  ready  to  quickly  meet  unforeseen  problems. 

In  addition,  the  worldwide  linkage  among  plant  breeders,  in- 
creasing cooperation  among  government  and  commercial  breeders, 
and  new  breeding  techniques  all  point  to  further  progress  in 
broadening  the  genetic  base  of  our  major  crops. 

By  Donald  N.  Duvick,  Director,  Plant  Breeding  Division,  Pioneer  Hi-Bred 
International,  Inc.,  Des  Moines,  Iowa. 


Cloning  Plants  Through  Seed 


Basic  research  on  plant  reproduction  has  led  to  a  new  method  for 
breeding  certain  forage  grasses  that  could  make  commercial  hybrid 
production  possible  in  several  crops. 

Nature  provided  plants  of  some  species  with  an  unusual  reproduc- 
tive system  in  which  seeds  are  formed  by  a  vegetative  (asexual) 
process  called  apomixis.  Apomictic  plants  mimic  the  normal  sexual 
method  of  pollination  and  fertilization  that  takes  place  in  the 
flower,  but  the  male  and  female  sex  cells  (sperm  and  egg)  do  not 
unite  to  form  the  embryo.  Instead,  the  embryo  of  the  seed  develops 
from  a  vegetative  cell  in  the  ovary  of  the  female  and  receives  no 
genetic  material  from  the  male. 

Apomixis  provides  a  system  for  cloning  plants  through  seed. 
The  offspring  are  all  identical  and  exact  replicas  of  the  maternal 
parent,  like  growing  plants  from  buds  of  a  potato  but  with  the 
convenience  of  seed  propagation. 

Scientists  recognized  that  apomixis  could  provide  a  unique  vege- 
tative method  of  growing  successive  generations  of  hybrid  plants 
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from  seed;  hybrids  that  would  remain  uniform  and  retain  their  im- 
portant characteristics  and  hybrid  vigor  in  advanced  generations. 
But  first  it  was  necessary  to  find  a  way  to  hybridize  apomictic 
plants,  because  complete  apomixis  in  a  species  prevents  crossing 
and  eliminates  the  natural  variation  from  which  new  strains  are 
selected. 

A  breakthrough  became  possible  when  scientists  found  that  most 
apomictic  species  have  some  sexual  or  partially  sexual  plants  that 
can  be  crossed  with  apomictic  plants.  Then  they  discovered  that 
apomixis  is  genetically  controlled  and  can  be  transmitted  from 
parent  to  offspring. 

Subsequent  research  with  forage  grasses  showed  that  hybridiza- 
tion of  sexual  and  related  apomictic  plants  produced  both  sexual 
and  apomictic  F1  hybrids  (asexually  reproduced  hybrids)  having 
combined  characteristics  of  the  parents.  Offspring  of  the  sexual 
hybrids  segregated  as  expected  of  sexual  hybrids,  giving  many 
genetically  and  morphologically  (structurally)  different  plants,  but 
those  from  apomictic  hybrids  were  completely  uniform  and  just  like 
the  Fj  hybrid  parent. 

Thus  a  new  approach  to  breeding,  the  production  of  true- 
breeding  Fj  hybrids,  was  demonstrated.  As  a  result,  valuable 
new  Fj  hybrid  cultivars  of  a  drought-resistant  range  grass,  buffel- 
grass,  are  available  for  the  first  time. 

Scientists  visualize  a  much  wider  application  for  apomictic  plant 
breeding  than  just  forage  grasses.  In  addition  to  wild  and  culti- 
vated grasses  and  many  weedy  species,  this  strange  method  of  re- 
production occurs  in  species  of  citrus,  berries,  and  probably  apples 
and  wild  beets.  A  few  strains  of  grain  sorghum  with  low  levels  of 
apomixis  have  been  identified  and  breeders  are  working  to  develop 
completely  apomictic  plants  for  breeding  purposes. 

Apomixis  occurs  in  wild  relatives  of  some  important  food 
crops  such  as  corn  and  wheat.  With  modern  genetic  engineering 
techniques,  breeders  may  soon  transfer  genes  for  apomixis  to  these 
crops  and  perfect  the  apomictic  breeding  technique.  Scientists  in 
the  United  States  and  the  Soviet  Union  are  already  engaged  in  re- 
search designed  to  transfer  apomixis  from  a  wild  grassy  relative, 
gammagrass,  to  corn. 

Among  other  interesting  possibilities,  scientists  envision  de- 
velopment of  world  centers  where  great  numbers  of  apomictic  hy- 
brids of  a  crop  can  be  produced  for  testing  throughout  the  world. 
Developing  countries  could  draw  a  wide  assortment  of  hybrids 
from  this  world  plant  bank  and  test  and  identify  the  strains  best 
adapted  to  their  conditions,  thus  avoiding  the  expense  of  a  major 
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plant  breeding  program.  Since  apomictic  hybrids  do  not  change  in 
future  generations,  the  superior  ones  could  be  increased  and  used 
for  commercial  production.  Farmers  could  even  harvest  and  plant 
the  seed  year  after  year. 

By  E.C.  Bashaw,  Geneticist,  Agricultural  Research  Service,  USDA,  stationed 
at  College  Station,  Tex. 


Biological  Control  of  Pests 


Agricultural  pests  including  insects,  plant  diseases  and 
nematodes,  and  weeds  are  direct  competitors  with  people  for  food, 
feed  and  fiber.  Were  it  not  for  pest-induced  losses,  the  amount  of 
land  now  cultivated  to  crops  could  be  reduced  by  50  percent. 

Pests  compete  not  only  with  people  but  with  each  other  and  with 
non-pest  organisms.  Every  ecological  niche  is  a  battleground.  Each 
biological  organism  attempts  to  gain  an  advantage  but  nature 
keeps  it  under  control  by  exerting  various  checks  and  balances  — a 
very  delicate  balance.  For  example,  aphids,  an  insect  pest,  begin 
their  activity  early  in  the  spring  when  it's  warm  enough  for  them 
to  feed  and  reproduce  but  too  cold  for  parasites  and  predators,  their 
natural  enemies  or  biological  control  agents  (BCA). 

In  nature,  there  are  many  kinds  of  plants  and  the  actual 
numbers  of  food  plants  for  aphids  are  few  and  interspaced  among 
non-food  plants.  However,  these  food  plants  are  more  than  ade- 


A  seven  spotted  ladybird  beetle  feeds  on  a  destructive  pea  aphid. 
The  beetle  is  a  biological  control  agent  introduced  to  control  the  aphid. 
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quate  because  only  a  few  aphids  have  survived  the  winter  and 
because  their  enemies  are  still  in  a  resting  stage  (diapause). 

Aphid  numbers  multiply  rapidly  as  the  season  progresses.  But  by 
now  it  is  warm  enough  to  revive  the  BCA's  from  their  diapaused 
state  and  they  begin  to  parasitize  or  feed  on  the  aphids  to  survive 
and  reproduce. 

As  the  season  progresses,  the  BCA's  have  done  their  job  and  the 
aphid  population  decreases.  As  a  result,  there  isn't  enough  food  to 
maintain  a  large  population  of  BCA's.  Therefore,  the  population  de- 
cline of  the  BCA's  follows  until  their  numbers  are  low  enough  to 
allow  the  aphid  population  to  increase.  The  cycle  repeats  itself 
throughout  the  year  and  is  nature's  way  of  maintaining  a  balance 
among  the  host  plant,  the  pest  and  the  BCA's.  Any  factor  that 
affects  one  of  the  living  systems  affects  the  remaining  two. 

We  upset  this  balance  significantly  when  we  began  cultivating 
crops  by  concentrating  all  the  food  for  pests  in  one  place  in  the  ab- 
sence of  non-food  plants,  thereby  reducing  the  hazards  for  the  pests 
associated  with  food  search.  We  further  upset  the  balance  by  acci- 
dentally transporting  pests  away  from  their  native  habitat  and 
leaving  behind  their  natural  enemies.  Most  of  the  key  destructive 
pests  in  the  United  States  are  of  foreign  origin. 

Scientists  have  studied  and  continue  to  study  the  pest-host  and 
pest-BCA  relationship,  ecological  factors  affecting  population  den- 
sity, origin  of  pests,  etc.,  seeking  new  BCA's  and  ways  to  use  them 
to  the  advantage  of  people.  Numerous  opportunities  have  been  un- 
covered by  scientists  but  there  still  are  many  secrets  of  nature  that 
need  to  be  discovered. 

Scientists  found  that  pests  are  controlled  in  nature  by  mammals, 
birds,  amphibians,  mites,  insects,  nematodes,  fungi,  bacteria,  pro- 
tozoans, viruses,  and  rickettsial  organisms.  However,  the  use  of  all 
these  is  not  practical  in  agriculture  at  this  time  because  some  can- 
not be  directed  against  the  pest  we  are  trying  to  control,  others 
can't  survive  our  climatic  conditions,  still  others  will  not  remain  in 
the  area  one  wants  to  protect,  etc. 

There  are  lots  of  examples  of  the  practical  use  of  biological  con- 
trol agents.  Most  of  the  successes  have  been  through  foreign  explo- 
ration, and  eventual  introduction  and  distribution  in  the  United 
States.  The  majority  have  been  for  controlling  insects  and  weeds. 

Many  kinds  of  BCA's  have  been  employed  against  insects. 
Parasitic  wasps  have  been  used  successfully  in  Florida,  eliminating 
the  need  for  extensive  pesticide  use.  A  bacterium,  Bacillus  thurin- 
giensis,  effectively  controls  many  destructive  caterpillars  and  re- 
cently new  strains  of  this  bacterium  have  been  discovered  that  con- 
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trol  mosquitoes  and  black  flies.  A  virus  is  registered  for  use  against 
certain  field  and  forest  insect  pests.  A  protozoan  specific  against 
grasshoppers  provides  long  term  control,  and  when  mixed  with  low 
dosages  of  insecticide  and  bran,  provides  an  effective  grasshopper 
bait  for  long-  and  short-term  control. 

Weeds  are  attacked  by  fish,  snails,  insects,  fungi,  viruses,  bac- 
teria and  even  ducks.  Most  successes  in  the  biological  control 
of  weeds  have  been  with  insects  against  such  pests  as  water 
hyacinths,  cacti,  and  several  thistle  species.  However,  fungus  has 
been  used  experimentally  to  control  northern  jointvetch  in  rice  and 
soybean  fields.  Another  fungus  controls  strangler  vines  in  Florida 
citrus  orchards;  and  a  third  fungus  controls  water  hyacinths  in 
Florida  waterways.  A  rust  disease  was  used  successfully  to  control 
skeleton  weed  in  Australia  and  pamakani  weed  in  Hawaii. 

Nematodes,  viruses,  bacteria  and  parasitic  plants  (dodder, 
witchweed),  many  of  which  live  on  specific  kinds  of  plants,  could 
be  used  in  weed  control. 

Biological  control  of  nematode  pests  has  not  advanced  as  rapidly 
as  with  insects  and  weeds.  However,  limited  research  indicates 
numerous  BCA's  exist  including  fungi,  bacteria,  small  soil  animals 
and  even  nematodes.  For  example,  a  bacterium  parasitizes  the  soy- 
bean cyst  nematode,  a  fungus  reduces  populations  of  root  knot 
nematode  of  peaches,  and  another  fungus  parasitizes  cereal  cyst 
nematode. 

Biological  control  of  plant  pathogens  has  only  recently  begun  to 
expand.  The  presence  of  many  species  of  bacteria  and  fungi  have 
been  found  to  limit  or  reduce  population  growth  of  a  number  of 
plant  pathogens  (antagonism).  Antagonism  has  been  observed  on 
pathogens  attacking  the  leaf  surface  and  rootzone  of  crops.  For 
example,  soil  amendments  from  areas  with  little  or  no  effects  of  a 
pathogen  when  introduced  to  soils  with  high  incidence  of  disease 
can  reduce  the  effectiveness  of  that  disease.  Addition  of  specific 
fungal  BCA's  have  controlled  damping-off  and  take-all  diseases 
of  several  vegetables,  grains  and  field  crops. 

More  innovative  approaches  to  biological  control  include  pro- 
tection of  corn,  pea,  bean  and  sugarbeet  seeds  from  two  disease 
organisms  that  attack  the  young  seedling  by  coating  seeds  with 
saprophytic  molds;  incorporation  of  certain  crop  residues  which 
intensifies  microbial  activities  to  produce  decomposition  prod- 
ucts that  affect  soil-borne  pathogens;  stimulation  of  a  host  plant 
to  resist  a  disease  organism  by  introducing  a  "non-virulent" 
related  species  of  the  disease  organism;  and  manipulation  of 
insect  BCA's  to  remain  in  a  target  area  and  elicit  optimum  search 
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patterns  for  insect  pests  with  use  of  kairomones,  chemicals  emitted 
by  hosts  or  preys  which  attract  BCA's. 

One  area  not  mentioned,  a  form  of  biological  control,  is  breeding 
plants  resistant  to  pests.  Were  it  not  for  resistant  varieties  of  crops, 
we  would  not  have  been  able  to  produce  all  the  food,  feed  and  fiber 
to  meet  our  needs  today. 

The  future  for  biological  control  remains  bright  because  it  is  a 
key  element  in  the  emerging  integrated  pest  management  systems, 
it  is  environmentally  sound,  it  does  not  threaten  human  health  and 
safety,  and  it  can  be  utilized  economically— thereby  increasing 
productivity. 

By  Milton  T.  Ouye,  Group  Leader,  Crops,  Program  Planning  Staff,  Science  and 
Education  Administration,  USDA. 


Durable  Resistance  to  Diseases 


Use  of  single  resistance  genes  has  been  the  principal  approach  to 
disease  control  by  hereditary  means  for  over  75  years.  The  ease  of 
incorporation  into  acceptable  plant  types  and  the  containment  of 
disease  to  insignificant  levels  account  for  the  continued  popularity 
of  the  so-called  "major"  resistance  genes.  Unfortunately,  single-gene 
control  of  certain  explosive  pathogens  has  proven  ineffective  and 
disastrous,  because  "major"  gene  resistance  is  effective  against 
certain  races  of  a  pathogen  and  totally  ineffective  against 
other  races. 

Most  plants  can  endure  a  certain  amount  of  disease  without  ill- 
effect;  the  amount  of  tolerable  disease  will  vary  for  different  crops 
and  diseases.  Thus,  it  is  not  essential  that  disease  be  controlled 
to  essentially  zero  levels,  by  use  of  "major"  genes,  if  it  can  be 
managed  to  a  level  below  that  of  the  yield-loss  threshold. 

There  is  a  kind  of  disease  resistance  available  that  can  do 
precisely  that.  This  resistance  usually  is  conditioned  by  several 
so-called  "minor"  genes  which  function  collectively  and  additively 
to  affect  the  rate  at  which  disease  develops  and,  thus,  the  final 
amount  of  disease. 

Rate-reducing  resistance  restricts  the  number  of  successful  infec- 
tions, reduces  the  amount  of  plant  tissue  that  becomes  diseased, 
curbs  the  amount  of  inoculum  that  is  produced  for  the  next  cycle  of 
disease  increase,  and,  in  general,  slows  the  entire  disease  process. 

An  important  virtue  of  rate-reducing  resistance  is  that  it  retains 
an  acceptable  level  of  effectiveness  regardless  of  genetic  changes  in 
a  disease  organism.  Thus,  rate-reducing  resistance  does  not  exhibit 
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the  "feast  or  famine"  syndrome  often  associated  with  "major"  genes 
that  are  effective  only  against  specific  races.  The  resistance  is 
durable  and  long-lasting. 

The  presumed  difficulty  of  incorporating  the  necessary  resist- 
ance genes  into  an  acceptable  plant  type  has  discouraged  many 
plant  breeders  from  attempting  to  exploit  durable  resistance. 
However,  the  technology  is  available  now  to  detect  rate-reducing 
characteristics  and  to  manipulate  genes  that  operate  them. 
The  task  is  not  nearly  as  difficult  as  was  once  thought. 

The  tremendous  potential  of  durable  resistance  has  added  a  new 
strategy  to  man's  meager  arsenal  of  schemes  to  combat  the  many 
organisms  capable  of  causing  plant  diseases.  The  question  is  where 
do  we  find  the  genes  to  breed  for  durable  resistance. 

Scientists  often  turn  to  wild  relatives  of  cultivated  plants  in 
search  for  usable  resistance  genes.  Many  wild  plant  species  and 
their  parasites  exist  today  in  harmony  and  genetic  equilibrium. 
The  wild  hosts  sustain  modest  levels  of  disease  which  does  not 
threaten  their  reproduction  and  survival.  In  fact,  wild  hosts  react 
much  like  our  cultivated  plants  that  possess  durable  resistance. 

I  have  theorized  for  years  that  wild  host  species  exist  today  in 
harmony  with  their  parasites  by  virtue  of  the  collective  action  of 
several  genes  that  restrict  the  buildup  of  disease.  I  propose  that  the 
resistance  genes  were  added  one  at  a  time  and  that  the  early  resist- 
ance genes  functioned  as  "major"  genes  that  were  effective  in  con- 
trolling disease  until  overcome  by  a  new  race.  Genes  that  once 
functioned  separately  with  temporary  success  now  function 
collectively  with  durable  success. 

I  now  have  research  evidence  that  "major"  resistance  genes  when 
combined  in  populations  of  crop  plants,  are  capable  of  reducing  the 
rate  at  which  various  races  of  a  pathogen  will  damage  the  crop. 
"Major"  genes  that  have  lost  their  effectiveness  in  controlling  a 
pathogen  continue  to  exert  some  influence  on  the  expression  of  a 
disease.  Such  genes  continue  to  be  important  in  developing  pest- 
resistant  crops. 

Thus,  combinations  of  "major"  genes  that  are  currently  effective 
and  those  that  have  lost  their  effectiveness  hold  the  key  to  success 
in  our  search  for  superior  crop  varieties  that  possess  high  levels  of 
durable  resistance  to  diseases.  Such  a  non-conventional  concept  of 
"major"  genes  for  disease  resistance  could  lead  to  a  new  era  in 
plant  breeding. 

By  R.R.  Nelson,  Evan  Pugh  Professor,  Department  of  Plant  Pathology,  The 
Pennsylvania  State  University,  University  Park. 
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Integrated  Pest  Management 

We  need  food  and  we  must  be  able  to  depend,  year  after  year, 
upon  adequate  food  and  fiber  that  only  stable  crop  production  can 
supply.  Many  countries  have  neither  an  adequate  nor  a  stable 
agricultural  production  system  — malnutrition  and  a  host  of  other 
health-  and  social-related  problems  result.  Stable  production  of  ag- 
ricultural products  depends  upon  many  things,  but  plant  protection 
from  losses  caused  by  pests  is  a  very  critical  one. 

Pest  numbers  are  legion  and  may  take  many  forms— insects, 
mites,  nematodes,  weeds,  plant  diseases,  rodents,  plus  more.  Man 
has  always  sought  means  to  cope  with  pest-induced-problems. 
These  operations  involve  protecting  man's  health,  comfort,  esthetic 
values,  and  freedom  from  annoyance,  but  certainly  protecting 
domestic  animals,  crops,  forests,  and  other  property  is  one  of  the 
most  important. 

Insect  problems  are  not  unique  to  modern  civilization.  Graphic 
accounts  of  insect  attack  are  found  in  literature  of  the  ancient 
Hebrew,  Egyptian,  and  Greek  civilizations.  The  Bible  mentions 
insect  problems,  of  which  11  species  can  be  identified,  including 
the  familiar  body  louse,  clothes  moth,  flea,  and  desert  locust. 

Early  attempts  to  cope  with  pest  problems  were  largely  ineffec- 
tive, at  best  feeble,  and  man  was  forced  to  share  his  abode,  body 
and  food  supply.  In  relatively  recent  years,  however,  advances  in 
our  knowledge  of  pests'  habits  and  life  history  and  a  rapidly  ad- 
vancing technology  have  given  man,  in  our  more  advanced 
societies,  reasonably  effective  means  of  protection. 

Concentrated  efforts  to  control  a  variety  of  organisms  largely 
began  with  the  development  of  agriculture,  more  or  less  10,000 
years  ago,  and  permanent  settlements.  Early  efforts  were  poor, 
some  dealing  with  mysticism,  but  gradually  a  few  chemicals  were 
discovered,  sulfur,  for  example,  with  moderate  to  good  effectiveness 
on  certain  pests.  In  the  early  1900's,  pest  control  was  still  grossly 
inadequate  and  losses  to  pests  were  consistent  and  even  at  times 
catastrophic. 

In  the  mid-1940's,  the  first  synthetic  organic  pesticides  began  to 
appear,  beginning  with  DDT,  BHC  and  2,  4-D.  These,  plus  those 
which  soon  followed,  opened  a  new  era  in  pest  control.  For  the  first 
time  entomologists  were  able  to  reduce  quantity  and  quality  losses 
to  many  insect  species.  In  the  United  States,  crop  yields  increased 
over  50  percent.  Not  all  of  this  increase  can  be  attributed  to  new 
pesticides,  but  they  are  a  major  factor  and  added  a  stability  to 
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Montana  ranchers  in  the  1 900s  banded  together  to  mix  poison 
bait  in  an  effort  to  control  a  grasshopper  infestation.  In  most 
cases,  pest  control  in  those  days  was  ineffective. 

agricultural  production  never  before  possible. 

A  major  advantage  of  the  new  pesticides  was  their  rapid  effect 
and  the  fact  they  can  bring  immense  populations  of  pests  under 
immediate  control.  Also,  they  can  be  used  as  needed. 

Insecticides,  more  than  other  pesticides,  were  applied  repeatedly, 
often  with  little  thought  or  information  on  whether  the  application 
was  really  necessary.  Gradually  problems  began  to  evolve  from 
such  heavy  dependence  upon  insecticides.  The  potential  hazards 
from  repeated  use  cause  serious  social  concerns  about  effects  on 
human  health  and  the  environment. 

More  immediate  concerns  at  the  crop  production  level  involved 
the  rapid  selection  for  insecticide  resistance,  and  the  general  lack 
of  selectivity  between  destruction  of  pest  and  beneficial  species.  In 
combination,  these  concerns  threatened  to  lessen  our  capacity  to 
maintain  stability  in  crop  production. 

Over  a  period  of  time,  repeated  exposure  to  a  pesticide  has 
selected  races  in  an  insect  population  that  are  sufficiently  resistant 
so  a  change  in  control  procedure  was  necessary.  Resistance  de- 
veloped to  one  or  more  insecticides  in  over  400  species  — most  of 
which  are  serious,  consistent  pests.  In  many,  resistance  is  so  wide- 
spread and  to  such  a  wide  variety  of  chemicals  as  to  threaten 
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continued  successful  dependence  on  this  means  of  control. 

Resistance  to  plant  diseases  is  steadily  advancing  also,  and  in  a 
few  cases  rodents  and  weeds  have  developed  resistance.  In  regard 
to  weeds,  this  is  not  considered  serious,  however. 

The  general  lack  of  selectivity  of  insecticides  between  pest  and 
beneficial  species  created  very  different  problems.  Beneficial 
insects— parasites  and  predators,  along  with  insect  disease,  pro- 
vide a  large  degree  of  natural  control  of  many  pest  species.  Re- 
moval of  such  desirable  organisms  often  resulted  in  secondary  pest 
problems  developing,  and  in  primary  pest  populations  quickly  re- 
building to  damaging  levels.  Thus,  more  insecticide  was  needed 
and  sometimes  a  treadmill  of  treatment  resulted.  This  description 
is  vastly  simplified,  and  it  did  not  always  occur.  It  serves  to  illus- 
trate, however,  why  plant  protection  scientists  began  to  look  for 
additional  systems  of  managing  pests. 

It  is  obvious  to  experienced  plant  protection  scientists  that  chem- 
ical pesticides  will  remain  a  most  valuable  tool  among  plant  pro- 
tection techniques.  At  this  time  the  farmer  has  little  recourse  but 
to  use  a  pesticide  when  pest  populations  reach  damaging  levels. 
Other  tactics  are  needed  and,  in  fact,  some  old  and  newly  developed 
tactics  are  available  and  being  used  in  field  practice. 

Some  of  the  old  tactics  include  use  and  protection  of  naturally  oc- 
curring biological  control  agents,  regulatory  procedures,  cultural 
controls,  and  pest-resistant  and  tolerant  crops.  Some  such  as  crop 
rotation  and  physical  and  mechanical  controls  have  been  employed 
for  hundreds  of  years.  Others,  such  as  the  use  of  synthetic  sex 
pheromones  (chemical  attractants),  are  relatively  new  and  already 
playing  a  role  in  pest  control  programs. 

Entomologists  were  soon  joined  by  plant  pathologists, 
nematologists  and  weed  scientists  in  the  search  for  management 
systems  to  best  put  all  existing  technology  with  compatible  pro- 
grams. Integrated  pest  management  (IPM),  sometimes  called  in- 
tegrated control  or  simply  pest  management,  was  the  term  given 
the  developing  management  systems.  This  is  simply  a  program, 
recognizing  the  complex  biological  nature  of  agricultural  crops,  in 
which  all  techniques  of  managing  pests  are  integrated  into  a  sys- 
tems approach  so  each  control  method  or  tactic  used  complements 
the  other.  Insofar  as  possible,  there  is  decreased  reliance  upon 
non-selective  methods  of  pest  population  control. 

An  immense  task  lies  ahead  for  the  plant  protection  scientist, 
who  must  develop  a  large  body  of  complex  data  in  order  to  devise 
better  crop  and  pest  management  systems.  It  is  expected  that  com- 
puter technology  will  play  a  valuable  role  in  developing  predictive 
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models  once  the  data  are  available. 

Some  integrated  pest  management  systems  are  already  in  use, 
although  few  can  be  considered  in  final  form.  Considering  the 
genetic  plasticity  of  plant  and  pest  populations,  it  is  likely  that  we 
will  never  have  any  in  a  totally  final  form.  A  second  task  ahead 
will  be  to  educate  farmers  to  advantages  of  a  developed  IPM  over 
current  pest  control  programs.  This  will  involve  demonstration— 
particularly  to  show  economic  advantage. 

Generally,  plant  protection  personnel  agree  that  to  continue 
existing  pest  control  practices  is  recklessly  extravagant  and  waste- 
ful and  could  lead  eventually  to  a  decline  in  our  ability  to  control 
pests.  If  this  should  happen,  we  most  probably  will  gamble  with 
food  production  stability.  Integrated  pest  management,  even 
though  not  perfect,  is  our  best  route  to  stability. 

By  H.T.  Reynolds,  Professor  of  Entomology,  University  of  California,  Riverside. 


Chemicals  Make  Plants  Behave 


Research  over  the  past  50  years  has  shown  that  plant  growth  is 
largely  controlled  by  chemicals  made  by  the  plant.  These  "plant 
hormones"  include  five  types  of  chemicals  or  chemical  classes  — 
auxins,  gibberellins,  cytokinins,  ethylene  and  abscisic  acid. 

Plant  hormones  are  made  during  growth  and  development  of  the 
plant  and  work  together  to  modify  or  regulate  such  physiological 
and  biochemical  processes  as  cell  division  and  enlargement.  Al- 
though the  hormones  have  been  known  for  half  a  century,  the  exact 
mechanisms  of  this  action  remains  a  mystery.  Many  scientists 
think  that  plant  regulators  made  by  chemists  act,  at  least  in  many 
cases,  by  modifying  the  activity  or  production  of  the  natural  plant 
hormones. 

Research  is  being  undertaken  to  learn  more  about  natural 
growth  chemicals  and  systems  in  order  to  develop  new  synthetic 
chemicals  and  management  techniques.  Better  control  of  plant  be- 
havior will  increase  agricultural  production— and  production 
efficiency. 

Plant  growth-regulating  chemicals  have  been  used  on  a  number 
of  high  value  or  specialty  crops  since  the  1930's.  Growth-regulating 
chemicals  developed  since  that  time  have  been  used  mostly  on  hor- 
ticultural rather  than  agronomic  crops. 

Regulators  are  used  to  promote  rooting  of  cuttings;  modify  de- 
velopment of  flower  buds;  influence  breaking  or  initiating  dor- 
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A  few  days  before  harvest,  ethephon  —  which  breaks  down  into 
ethylene  gas  —  is  sprayed  on  cherry  trees.  The  chemical  loosens  the 
cherries  and  reduces  harvesting  time. 

mancy  in  seeds,  tubers  and  buds;  control  fruit  set,  size  and  color; 
modify  plant  size  and  shape;  inhibit  sprouting  to  prolong  keeping 
quality;  facilitate  mechanical  harvesting;  prevent  loss  of  yield  by 
keeping  plants  upright,  and  induce  plant  leaf  drop. 

One  of  the  most  versatile  plant  growth  regulators  to  be  dis- 
covered over  the  past  few  years  is  an  ethylene  releasing  agent 
called  ethephon.  It  has  long  been  known  that  the  relatively  simple 
gas,  ethylene,  is  capable  of  affecting  growth  of  plants  as  well  as 
ripening  of  fruits  such  as  bananas.  Discovery  of  a  chemical  that 
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could  produce  or  release  ethylene  after  it  was  applied  to  plants 
made  it  practical  to  treat  field-grown  plants  with  ethylene. 

Because  of  the  many  responses  obtained  from  treating  plants 
with  ethephon,  the  concept  of  chemical  plant  growth  regulation  be- 
came a  real  possibility  in  the  minds  of  many  scientists.  Since 
ethylene  is  a  natural  constituent  of  plants,  responses  obtained  with 
ethephon  are  believed  to  occur  through  existing  natural  pathways. 

New  responses  of  potential  importance  to  agriculture  are  being 
found  with  ethephon  but  many  in  commercial  use  today  are  as- 
sociated with  the  improvement  of  crop  harvesting  efficiency. 
Ethephon  promotes  earlier  coloration  and  maturity  of  apples,  to- 
matoes, peppers  and  cranberries.  It  also  loosens  cherries,  walnuts 
and  applies  for  earlier  and  more  efficient  harvest.  More  blueberries 
get  ripe  at  one  time,  and  blackberry  ripening  is  accelerated  and 
berries  loosened  for  easier  harvest. 

Ethephon  is  used  on  such  specialized  crops  as  figs  to  accelerate 
early  uniform  ripening  and  on  filberts  to  hasten  husk  maturity  for 
earlier  and  more  efficient  harvest.  Applied  to  cucumbers  and 
squash,  ethephon  increases  the  number  of  female  and  decreases  the 
number  of  male  flowers,  which  makes  it  easier  to  produce  hybrid 
seed  of  these  crops.  In  Europe  ethephon  prevents  winter  barley 
from  lodging  so  grain  is  not  lost  at  harvest  time. 

Most  people  have  a  good  idea  of  what  drought  can  do  to  plants. 
Such  stresses  as  lack  of  water,  low  humidity,  and  excessive  water, 
heat  or  cold  directly  affect  crop  yields  but  chemicals  may  help  re- 
duce some  of  the  adverse  effects. 

Because  world  population  is  increasing  and  because  less  suitable 
land  areas  must  be  used  for  agricultural  production,  plants  need  to 
be  better  adapted  to  an  ever  increasing  range  of  stresses. 

Low  concentrations  of  air  pollutants  in  certain  agricultural  re- 
gions may  adversely  affect  crop  yields.  A  newly  discovered  ex- 
perimental compound  has  been  found  to  protect  plants  against 
damage  from  ozone,  a  widespread  and  troublesome  air  pollutant. 

Another  group  of  chemicals  has  been  discovered  that  increases 
plant  susceptibility  to  low  temperatures  but  confers  resistance  to 
high  temperature  stress.  Research  shows  that  these  type  com- 
pounds change  chemical  composition  of  cells  which  in  turn  alters 
resistance  to  environmental  extremes.  Research  is  being  conducted 
to  determine  if  these  regulating  chemicals  can  be  used  to  extend 
the  production  area  of  plants  that  do  not  tolerate  heat  well.  Appli- 
cation of  such  chemicals  to  weeds,  on  the  other  hand,  may  make 
them  less  tolerant  to  winter  cold  so  they  do  not  survive  to  grow 
again  in  the  spring. 
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One  can  easily  think  of  a  wide  range  of  plant  responses  that  we 
would  like  to  control  to  increase  the  usefulness  of  plants  to  man. 
From  the  few  examples  cited,  we  can  get  some  idea  of  the  probabil- 
ity of  discovering  chemicals  that  will  modify  plant  growth  without 
adversely  affecting  the  consumer  or  the  environment. 

The  future  for  plant  growth  regulators  is  bright  but  much  is  un- 
known. Further  research  into  how  plant  growth  and  development 
is  controlled  is  needed  for  use  as  a  basis  for  discovering  new  and 
more  effective  plant  growth  regulators.  However,  plant  growth 
regulators  now  in  use  have  made  agricultural  production  much 
more  efficient. 

By  George  L.  Steffens,  Plant  Physiologist,  Agricultural  Research  Service. 


Multiplying  Fruits  and  Berries 


It  is  a  lifelong  project  to  develop  and  test  a  new  fruit  tree.  Small 
fruit  varieties  such  as  blueberries  may  require  15  to  18  years.  Even 
new  strawberry  varieties  require  10  years  to  develop.  But  a  new 
method  for  multiplying  plants  is  changing  all  that.  Tissue  culture 
propagation  is  cutting  the  time  it  takes  to  get  new  varieties  of 
fruits  and  berries  to  the  grower  by  30  to  50  percent. 

Tissue  culture  propagation  is  a  technique  by  which  small  pieces 
of  plant  tissue  are  placed  in  a  carefully  formulated,  sterile  growth 
solution.  Plant  hormones  incorporated  in  the  solution  force  the  tis- 
sue to  develop  many  shoots.  The  shoots  can  then  be  transferred  to  a 
different  growth  solution  containing  hormone  levels  that  promote 
rooting.  The  rooted  plantlets  are  transferred  to  soil  and  adapted 
to  outdoor  growing  conditions  in  the  greenhouse. 

In  this  manner,  any  number  of  plants  of  a  given  variety  can  be 
produced  within  one  year  after  the  variety  is  introduced,  or,  in  the 
case  of  imports,  released  from  quarantine. 

For  example,  new  everbearing  strawberries  are  currently  being 
increased  by  tissue  culture  for  distribution  to  nurseries.  In  six 
months  tissue  culture  can  produce  five  or  six  thousand  plants  each 
of  which  can  be  multiplied  by  20  in  the  field,  providing  100,000 
plants  within  one  year.  It  would  take  at  least  3  years  by  conven- 
tional propagation. 

In  addition,  the  new  plants  will  be  healthier.  Most  cultivated 
fruit-producing  plants  have  one  or  more  viruses  which  are  not 
readily  visible  but  which  decrease  yield.  However,  cells  in  a  plant's 
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growing  tip  are  not  "old"  enough  to  have  been  infected.  When  one- 
half  millimeter  (1/50  inch)  or  less  of  this  growing  tip  is  cultured 
and  generated  into  new  plants,  the  plants  are  usually  free  of  vi- 
ruses. Tissue  culture  is  the  only  method  capable  of  producing 
the  large  numbers  of  virus-free  strawberries  required  by  growers 
each  year. 

Also,  tissue  culture  is  causing  a  revolution  in  the  orchard.  All 
production  techniques  used  in  orchards  today  were  developed  dur- 
ing the  last  two  decades,  with  the  exception  of  propagation.  Propa- 
gation by  grafting  is  at  least  2,000  years  old.  The  Apostle  Paul 
spoke  about  branches  that  had  been  grafted  onto  the  olive  tree. 
In  the  first  century  A.D.,  Pliny  described  cleft  grafts  as  practiced 
by  the  Romans. 

From  the  16th  and  17th  centuries,  we  have  illustrations  of  graft- 
ing that  are  very  similar  to  those  we  would  make  today.  Fruit 
bearing  trees  were  selected  for  fruit  quality  and  productivity,  not 
for  their  ability  to  develop  roots.  As  a  result,  their  cuttings  must 
be  grafted  onto  rootstocks  which  is  time-consuming  and  labor- 
intensive.  Tissue  culture,  however,  allows  the  use  of  hormone 
concentrations  that  promote  the  rooting  of  plantlets. 

The  capabilities  of  tissue  culture  are  well  matched  with  current 
interest  in  high-  and  ultra  high-density  orchards.  Trees  in  such 
orchards  are  planted  close  together,  are  pruned  by  machines,  and 
are  short-lived  compared  to  those  in  conventional  orchards.  Tree 
requirements  for  such  orchards  are  high;  occasionally  as  many 
as  4,000  trees  per  hectare  or  1,600  trees  per  acre  are  needed. 

With  present  propagation  practices,  the  cost  of  trees  is  an  obvi- 
ous limiting  factor  for  high  density  planting.  This  cost  is  increased 
even  more  by  the  fact  that  high  density  orchards  may  last  only 
a  relatively  short  time,  often  no  more  than  10  years. 

Fortunately,  tissue  culture  has  the  potential  to  produce  high 
quality  trees  relatively  inexpensively.  It  is  possible  that  growers 
may  buy  small  treelets  5  to  10  inches  tall,  grow  them  for  a  year 
in  their  own  nursery,  and  plant  them  in  their  permanent  place 
mechanically. 

Life  in  the  orchard  and  the  berry  patch  will  never  be  quite  the 
same  because  of  tissue  culture.  The  revolution  is  well  in  progress. 

By  Miklos  Faust,  Plant  Physiologist,  Agricultural  Research  Service. 
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Better  Meat,  Eggs  and  Milk  for  Our  Tables    1 

Coordinated  by  C.Wj  Absher  and  T.H.;  Blosser 


Farm  animals  help  Americans  be 
among  the  best  fed  people  in  the 
world.  Animals  provide  two-thirds 
of  the  protein,  a  third  of  the  energy, 
four-fifths  of  the  calcium,  and  two- 
thirds  of  the  phosphorus  in  our  diet. 
In  addition,  animal  food  products  are 
important  sources  of  iron,  Vitamin  A, 
thiamine,  riboflavin,  and  Vitamin 
B6,  and  are  the  sole  source  of 
Vitamin  B12. 

Animal  production  enterprises  are 
a  major  source  of  U.S.  farm  income. 
About  52  percent  of  total  farm  income 
is  generated  in  the  pastures,  feedlots, 
swine  and  poultry  houses,  and 
milking  parlors  of  America. 

Animals  also  contribute  to  the 
well-being  of  man  by  supplying 
leather,  wool,  feathers,  and  even 
horns  and  bone  for  clothing,  adorn- 
ment, or  use  in  tools  and  implements. 
Also  essential  to  man  are  products 
used  in  maintaining  health  such  as 
insulin.  Animals  provide  some  power 
and  entertainment  and  enjoyment 
for  many. 

But  animal  agriculture  and  live- 
stock producers,  like  other  sectors 
of  our  economy,  must  become  more 
efficient  to  survive  the  price-cost 
squeeze  and  to  keep  animal  products 
available.  The  search  for  ways  to  im- 


prove the  efficiency  of  production  and 
to  safeguard  the  animal  population  is 
a  major  task  of  the  U.S.  Department 
of  Agriculture  and  its  cooperators  in 
the  State  Agricultural  Experiment 
Stations,  Cooperative  Extension 
Services,  and  related  industry. 

Modern  animal  agriculture  is  the 
product  of  achievements  by  many 
persons  working  in  many  areas. 
This  chapter  contains  only  a  few  of 
the  advances  that  have  been  made 
or  that  are  underway,  aimed  at 
achieving  optimum  efficiency 
in  agriculture. 

The  reader  is  invited  to  consider 
these  brief  reports  as  small  windows 
or  peepholes  into  the  world  of  science 
and  education— relative  to  animal 
production. 

Hopefully,  you  will  recognize  that 
just  finding  an  answer  is  not  enough. 
The  scientific  community  must  also 
attempt  to  refine  the  questions  and 
get  answers  applied.  Selected  ac- 
counts of  these  attempts  follow. 


Coordinators  of  this  chapter  are  Curtis 
W.  Absher,  University  of  Kentucky, 
on  assignment  to  the  Extension  Service, 
USDA,  and  Timothy  H.  Blosser, 
Agricultural  Research  Service,  USDA. 


The  Computer  and  the  Cow 


Joe  Livestockman  finishes  breakfast  and  picks  up  the  telephone. 
But  he  is  not  calling  a  neighbor,  veterinarian,  or  equipment  dealer. 
Instead  he  calls  a  computer  center. 

A  computer  answers  at  the  other  end  and  Joe  attaches  his  tele- 
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phone  receiver  to  a  small  computer  terminal  about  the  size  of  a 
typewriter.  He  is  now  in  direct  communication  with  the  central 
computer. 

By  typing  in  the  names  of  various  programs  on  the  terminal 
keyboard,  he  can  access  a  myriad  of  management  aid  programs  de- 
signed by  extension  and  research  personnel  at  various  institutions 
around  the  country.  These  include  feed  formulation,  performance 
data,  health  and  reproduction  records,  budgeting,  enterprise 
accounting,  performance  and  economic  projections,  marketing, 
and  many  others. 

Today  Joe  is  formulating  a  new  ration  for  his  milking  cows. 
Available  feed  ingredients  and  their  prices  per  ton  are:  corn  grain, 
$146;  barley,  $138;  citrus  pulp,  $120;  cottonseed  meal,  $180;  whole 
cottonseed,  $180;  soybean  meal,  $280;  and  wheat  millrun,  $130.  He 
also  has  homegrown  alfalfa  hay  and  corn  silage  which  are  worth 
$84  and  $25  per  ton. 

Which  ingredients  should  he  feed  to  his  cows  to  obtain  maximum 
profitability  from  his  herd?  The  computer  gives  the  answer. 

Joe  enters  the  prices  of  available  feeds,  average  cow  size  and 
milk  fat  percentage,  milk  price  and  level  of  milk  production.  The 
computer  does  the  rest.  It  tests  every  combination  of  available  feed 
ingredients  which  fulfill  the  nutrient  requirements  of  the  cow,  and 
prints  out  the  formula  of  the  ration  which  minimizes  feed  cost  or 
maximizes  income  above  feed  cost,  depending  on  the  program  used. 
It  also  lists  feeds  not  selected  for  the  optimum  ration  and  the  price 
they  would  have  to  drop  to  before  becoming  good  buys. 

The  computer  calculates  expected  milk  income  based  on  current 
milk  price,  feed  cost  based  on  prices  of  feeds  selected  for  the  ration, 
and  calculates  expected  income  above  feed  cost  by  difference. 

In  this  example,  the  computer  recommends  a  ration  consisting 
of  25  pounds  corn  silage,  18  pounds  alfalfa  hay,  6.6  pounds  corn 
grain,  5.5  pounds  citrus  pulp,  5.5  pounds  wheat  millrun,  and  4.2 
pounds  whole  cottonseed.  Cows  consuming  this  ration  should  pro- 
duce 56  pounds  of  milk,  which  at  $13  per  hundred-weight  returns 
$7.28  per  cow  per  day.  Cost  of  the  ration  is  $2.61  per  cow,  leaving 
an  income  above  feed  cost  of  $4.67  per  cow. 

Joe  repeats  the  process  for  several  other  levels  of  milk  produc- 
tion. When  he  finishes,  he  hangs  up  the  phone  and  has  a  feeding 
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Computers  will  play  an  increasingly  important  role  in  helping  farmers 
make  management  decisions.  In  the  near  future,  many  will  have  micro 
computer  centers  in  their  homes. 

program  tailored  specifically  for  his  herd,  based  on  his  input 
data.  And  he  knows  that  the  rations  formulated  are  well-balanced 
nutritionally  as  well  as  being  economically  optimum. 

Later,  Joe  may  dial  the  computer  and  request  a  list  of  cows  that 
are  due  to  be  bred,  a  list  to  check  for  pregnancy,  a  list  of  potential 
cull  cows  based  on  his  performance  criteria,  a  ranking  of  all  cows 
in  the  herd  based  on  milk  production  or  profitability,  or  many  other 
management  reports  generated  by  the  computer  from  monthly  test- 
ing of  his  cows  through  the  Dairy  Herd  Improvement  Program. 

He  also  can  get  lists  of  sires  evaluated  according  to  milk  trans- 
mitting ability,  physical  traits,  or  calf  birth  weight.  In  addition, 
complete  health  and  reproduction  histories  are  available  for  all 
animals  in  his  herd. 

The  computer  can  do  all  these  things  quickly  and  accurately  and 
is  a  wonderful  aid  for  decision  making.  However,  the  information 
that  comes  out  is  only  as  good  as  the  input  data  that  goes  in. 
But  with  good  input  data,  Joe  knows  that  his  management  skills, 
and  subsequently  the  profitability  of  his  enterprise,  are  greatly 
increased  by  use  of  this  modern  tool  — the  computer. 

By  Donald  L.  Bath,  Extension  Dairy  Nutritionist,  University  of  California,  Davis. 
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Poultry— A  Cinderella  Story 

Farmyard  scenes  have  changed  considerably  over  the  past  half 
century,  but  the  most  dramatic  change  is  with  poultry.  No  more 
flocks  of  100  or  200  hens  scratching  in  the  barnyard  and  going  in  to 
roost  before  sundown.  No  more  dressing  a  couple  of  spring  fryers 
early  Sunday  morning.  No  more  eggs  brought  to  the  grocery  store 
for  credit  to  the  family  account. 

Poultry  historically  was  part  of  the  family  farm.  Chicken  and 
eggs  (and  even  turkeys  at  times)  were  part  of  our  heritage  of  being 
self-sufficient,  just  as  were  the  milk  cow,  the  pigs  being  fattened, 
fruit  trees,  and  the  vegetable  garden.  In  general,  each  family 
produced  what  poultry  products  it  could,  ate  what  it  needed, 
and  sold  what  was  left  over. 

But  a  few  forward  looking  pioneers  in  the  1930's  and  1940's 
decided  it  would  be  more  economical  to  concentrate  their  efforts 
on  one  type  of  commercial  operation  and  go  all  out  to  produce 
en  masse  and  reduce  expenses  wherever  possible.  Feed,  chicks, 
housing— all  could  be  purchased  cheaper  in  quantity. 

Results  of  this  particular  approach  is  now  quite  obvious  to  us  all. 
While  other  foods  often  cost  more  and  more,  chicken  of  the  very 
best  quality  is  being  sold  at  49(2  to  59$  per  pound  ready  to  cook. 

The  entire  poultry  industry  is  a  far  cry  from  what  it  used  to  be. 
Eggs  are  produced  under  controlled  conditions  by  hens  capable  of 
laying  over  250  eggs  each  per  year.  These  eggs  are  uniform,  of  ex- 
cellent quality,  and  reach  consumers  within  two  to  five  days  at  a 
bargain  price  (less  than  70(2  per  pound).  Since  they  are  produced 
year-round,  cold  storage  is  used  only  for  brief  periods  (less  than 
48  hours)  as  eggs  move  through  marketing  channels. 

Broilers  are  produced  on  highly  specialized  farms  that  do  little 
else.  Specially  bred  birds  are  fed  rations  formulated  to  produce 
optimum  growth,  uniformity,  quality,  and  even  the  most  desirable 
skin  color  in  less  than  eight  weeks  on  two  pounds  of  feed  for  each 
pound  of  chicken.  The  birds  are  processed  completely  even  to  being 
cut  up,  deboned,  and  packaged  prior  to  distribution  for  consumer 
purchase. 

Low  production  and  processing  costs  allow  the  modern  broiler 
chicken  to  be  sold  as  a  real  bargain  to  consumers,  who  use  almost 
50  pounds  per  person  every  year. 

Turkeys  are  an  equally  phenomenal  story.  Modern  turkeys  are 
white  feathered,  of  such  broad  meaty  conformation  that  they  can't 
even  mate  naturally,  and  reach  market  weights  in  14  to  22  weeks  of 
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Broilers  have  become  one  of  America's  favorite  foods.  These  specially 
bred  birds  reach  market  weight  in  about  eight  weeks.  Americans  con- 
sume 40  pounds  of  broilers  each  year. 

age  on  three  pounds  of  feed  per  pound  of  turkey.  They  are  grown  in 
flocks  of  5,000  to  50,000,  many  in  total  confinement. 

Turkeys  are  processed  as  whole  birds,  boneless  roasts,  turkey 
parts,  turkey  ham,  or  used  in  luncheon  meats  and  many  other 
oven-ready  and  table-ready  products.  Consumption  is  more 
than  10  pounds  per  year  for  every  American. 

These  successes  in  American  agriculture  have  been  achieved 
through  a  partnership  effort.  Research  has  led  the  way  by  provid- 
ing the  basis  for  making  changes.  Ideas  that  researchers  developed 
have  been  taken  by  industry  and  turned  into  efficient  production 
and  processing  technology.  Disease  problems  have  been  greatly  re- 
duced by  vaccines  such  as  Marek's  disease  vaccine  and  live  cholera 
vaccine  developed  under  U.S.  Department  of  Agriculture  programs. 

Extension  has  joined  researchers  in  taking  research  and  apply- 
ing it  to  commercial  conditions.  This  partnership  of  research, 
Extension,  and  industry  has  made  the  poultry  industry  a  shining 
example  of  government  programs  and  the  free  enterprise  system. 

By  Ken  A.  Holleman,  Program  Leader,  Poultry  Science,  Extension  Service. 
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Embryo  Transfer 

Cattle  breeding's  most  exciting  development  in  decades  is  em- 
bryo transfer.  Normally,  a  cow  has  only  one  calf  per  year  (a  few 
percent  have  twins),  but  with  embryo  transfer  it  is  not  unusual  for 
a  cow  to  be  the  genetic  mother  of  10  calves  born  within  a  few  days 
of  each  other. 

The  principle  of  embryo  transfer  is  to  remove  the  developing  em- 
bryo from  the  uterus  of  a  valuable  cow  about  one  week  after  con- 
ception, and  transfer  it  to  the  uterus  of  a  less  valuable  cow  for  the 
remaining  nine  months  of  gestation.  Thus,  the  genetically  valuable 
donor  cow  can  become  pregnant  temporarily  during  each  three- 
week  reproductive  cycle. 

In  practice,  the  procedure  is  modified  by  treating  the  donor 
with  a  fertility  drug,  such  as  follicle  stimulating  hormone.  This  is 
termed  superovulation  and  causes  an  average  of  6  to  8  embryos 
to  be  produced  instead  of  the  usual  one.  Superovulation  can  be 
repeated  about  every  two  months. 

Embryos  are  recovered  from  donors  by  flushing  the  uterus  with 
large  volumes  of  fluid.  The  flushing  apparatus  is  inserted  into  the 
uterus  in  the  same  way  as  an  artificial  insemination  pipette.  The 
embryos,  about  l/200th  of  an  inch  in  diameter,  are  found  in  the 
fluid  with  the  aid  of  a  microscope  and  can  be  manipulated  with 
small  glass  pipettes. 

Embryos  can  be  stored  for  about  a  day  in  an  incubator  with  little 
loss  in  viability,  or  they  can  be  frozen  to  -196°C  in  liquid  nitrogen. 
The  freezing  and  thawing  process  kills  nearly  half  of  them,  but 
permits  storage  of  the  viable  ones  for  decades. 

For  high  pregnancy  rates,  the  recipients,  or  surrogate  mothers, 
must  be  at  about  the  same  stage  of  the  reproduction  cycle  as  the 
donor.  Embryos  are  usually  transferred  nonsurgically  with  artifi- 
cial insemination  equipment.  But  pregnancy  rates  are  slightly 
higher  if  they  are  transferred  surgically  through  a  small  incision 
in  the  flank  of  the  recipient  under  local  anesthesia.  With  the  surgi- 
cal method,  about  60  percent  of  recipients  become  pregnant,  which 
is  similar  to  the  pregnancy  rate  following  normal  breeding. 

Embryo  transfer  currently  costs  $500  to  $1,500  per  pregnancy 
more  than  conventional  reproduction.  Providing  such  services  has 
become  a  large,  fast-growing  industry.  About  25,000  calves  will  be 
born  as  a  result  of  this  technology  in  North  America  in  1981. 

Major  use  of  embryo  transfer  is  to  amplify  the  reproduction  rates 
of  valuable  cows.  On  the  average,  3  to  4  calves  are  obtained  from 
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A  surrogate  mother  checks  out  her  newly  born  calf,  the  result  of  an 
embryo  transfer  from  another  cow.  Through  this  practice  the  embryos 
from  a  high  producing  milk  cow  can  be  transferred  to  as  many  as  10 
less  valuable  cows,  resulting  in  10  genetically  superior  calves  born 
within  a  few  days  of  each  other. 

each  embryo  collection  and,  on  rare  occasions,  up  to  20  or  more. 

Another  use  is  to  obtain  calves  from  otherwise  infertile  donors. 
Such  infertility  is  usually  due  to  a  senescent  uterus;  it  is  circum- 
vented by  transferring  the  embryos  to  a  younger  uterus. 

A  third  common  application  is  exporting  embryos,  which  in- 
volves much  less  cost  as  well  as  less  risk  of  transmitting  disease 
than  exporting  live  animals. 

Embryo  transfer  techniques  have  been  used  in  many  species, 
including  humans.  The  most  important  commercial  species  after 
cattle  are  horses  and  pigs,  although  a  small  amount  of  commer- 
cial work  is  also  done  with  sheep,  goats,  and  rabbits. 

Many  future  technologies  will  depend  on  embryo  transfer,  in- 
cluding cloning.  Procedures  which  already  work  in  the  laboratory 
include  sexing  the  embryos,  fertilization  in  a  test  tube,  twinning 
in  cattle  by  transferring  two  embryos,  and  even  dividing  embryos 
in  2,  3,  or  4  parts  to  produce  identical  twins  or  multiplets.  It  is 
likely  that  some  or  all  of  these  procedures  will  be  used  commer- 
cially in  the  next  decade. 

By  George  E.  Seidel,  Jr.,  Associate  Professor,  Reproductive  Physiology,  Colorado  State 
University,  Fort  Collins. 
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The  Silent  Killer 

During  the  last  several  years  porcine  parvovirus  (L  parvus  = 
small  +  virus)  has  been  recognized  as  a  major  cause  of  maternal 
reproductive  failure  of  swine.  Through  laboratory  and  field  studies 
it  has  been  shown  that,  when  a  nonimmune  female  is  exposed  to 
porcine  parvovirus  during  gestation,  the  virus  is  frequently  trans- 
mitted from  her  tissues  to  one  or  more  of  her  litter  of  unborn 
pigs  (fetuses). 

Although  the  affected  female  is  usually  free  of  any  outward 
clinical  signs,  fetuses  are  killed  by  the  virus  if  they  are  infected 
any  time  before  they  are  about  70  days  of  gestational  age.  Fetuses 
infected  thereafter  usually  survive  by  developing  an  immune 
response  similar  to  that  of  a  baby  pig. 

If  a  fetus  dies  very  early  in  gestation,  it  is  resorbed,  that  is,  dis- 
appears without  leaving  any  trace  of  its  former  presence  in  the 
uterus.  If  it  dies  after  its  skeleton  begins  to  form  at  about  30  to  35 
days  of  gestation,  it  becomes  dehydrated  and  is  said  to  be  mum- 
mified. Mummified  fetuses  are  usually  retained  in  the  uterus 
through  at  least  the  normal  interval  of  gestation  (about  114  days). 

Each  pig  fetus  is  enclosed  in  its  own  protective  sac  so  that  infec- 
tion of  one  fetus  does  not  necessarily  result  in  infection  of  any 
other.  Therefore,  it  is  not  uncommon  for  an  affected  litter  to  have 
both  mummified  and  normal  fetuses.  A  swine  producer  may  have 
no  indication  that  his  pregnant  sows  have  been  affected  by  porcine 
parvovirus  until  they  either  fail  to  farrow  (if  all  their  fetuses  were 
resorbed),  or  farrow  unusually  small  litters,  or  farrow  mummified 
fetuses. 

In  many  parts  of  the  world,  including  the  United  States,  porcine 
parvovirus  appears  to  be  the  most  common  infectious  cause  of 
maternal  reproductive  failure  of  swine— causing  an  estimated 
$25  to  $75  million  annual  loss  to  U.S.  swine  producers.  The  virus 
has  been  found  among  swine  throughout  the  world.  In  this  country, 
it  is  present  in  almost  all  herds. 

Although  porcine  parvovirus  was  first  recognized  as  a  pathogen 
of  swine  less  than  15  years  ago,  we  now  know— through  research 
within  the  U.S.  Department  of  Agriculture  and  elsewhere — most 
characteristics  of  the  virus  and  the  disease.  Such  research  has  re- 
cently culminated  in  development  of  safe,  effective,  and  inexpensive 
vaccines.  Control  of  this  disease  through  vaccination  is  but  anoth- 
er example  of  cooperative  efforts  by  government  and  industry 
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to  most  efficiently  produce  pork  and  pork  products  for  the 
American  consumer. 

By  William  L.  Mengeling,  Research  Leader,  Virological  Research,  Agricultural 
Research  Service,  USDA,  Ames,  Iowa. 


Virus  Controls  Cancer 

The  concept  of  protecting  one  animal  by  a  virus  from  another 
originated  with  Jenner  in  1798,  when  he  noticed  that  milkmaids 
survived  epidemics  of  smallpox.  He  was  able  to  demonstrate  that 
the  cowpox  virus  produced  little  or  no  disease  in  humans,  yet 
protected  humans  from  smallpox. 

This  observation  led  to  use  of  cowpox  in  humans  as  a  highly 
successful  vaccination  against  smallpox  to  this  day.  The  concept 
also  has  been  the  basis  for  recent  development  of  a  commercially- 
produced,  Federally-licensed  vaccine  for  cancer  in  chickens, 
the  first  for  cancer  of  any  animal. 

A  cancer  affecting  chickens  called  "Marek's  Disease"  has  been 
the  most  commonly  occurring  cancer  in  the  world.  Before  the  vac- 
cine was  developed,  almost  all  chicken  flocks  were  affected,  and  in 
some  instances  over  half  the  flock  died.  The  cancer  can  now  be  pre- 
vented by  a  highly  effective  vaccine  which  is  administered  to  most 
chickens  in  developed  countries  throughout  the  world. 

Marek's  Disease  was  named  after  a  Hungarian  veterinarian 
who  described  it  in  1907.  The  disease  has  been  recognized  in  most 
countries  of  the  world. 

In  the  1950's  a  severe  form  of  the  disease  appeared  on  the  East 
Coast  of  the  United  States  and  spread  gradually  over  the  country, 
causing  many  deaths  and  production  losses  in  layers  and  broilers. 
Also,  broilers  that  are  unfit  for  human  consumption  because  of  the 
presence  of  tumors  are  "condemned"  at  the  processing  plant  even 
though  contact  with  chickens  or  poultry  products  from  birds  with 
Marek's  Disease  has  never  been  shown  to  cause  cancer  in  man. 

Marek's  Disease  is  caused  by  a  virus  that  infects  only  certain 
species  of  birds.  This  virus  is  related  to  viruses  causing  cold  sores 
and  mononucleosis  (mono)  in  people.  The  virus  of  Marek's  Disease 
is  spread  from  an  infected  chicken  to  a  noninfected  chicken 
through  the  air.  Most  commercial  chickens  become  infected  with 
the  virus  when  very  young. 

Cancer  research  is  difficult  and  very  time  consuming,  even  in 
chickens.  The  time  between  infection  with  the  virus  and  tumor 
development  is  variable  and  can  be  quite  long  (1  to  30  months). 
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Research  on  the  chicken  disease  was  started  by  the  Federal  gov- 
ernment in  1939,  but  it  was  not  until  30  years  later  that  the  causa- 
tive virus  was  identified.  It  was  during  studies  on  determining 
which  birds  other  than  chickens  could  harbor  Marek's  Disease 
virus  that  a  similar  virus  was  isolated  from  turkeys. 

The  virus  looked  like  Marek's  Disease  virus  though  distinguish- 
able from  it.  It  was  determined  that  the  turkey  virus  caused  no 
disease  when  inoculated  into  chickens;  in  fact,  when  inoculated 
into  chickens  it  protected  them  from  developing  Marek's  Disease. 

Herpesvirus  of  turkeys,  as  it  is  called,  was  shown  to  be  a  highly 
effective  vaccine  against  Marek's  Disease.  It  was  licensed  for  use  in 
the  United  States  in  1971  and  is  now  used  worldwide.  The  vaccine 
reduced  losses  from  Marek's  Disease  to  the  poultry  industry  by 
over  95  percent. 

In  1974,  the  first  year  of  full  adoption  of  the  vaccine,  it  is  esti- 
mated the  vaccine  saved  $628  million.  Each  year  thereafter  the 
saving  has  been  put  at  over  $168  million.  This  represents  savings 
to  the  consumer  of  over  20  per  dozen  eggs  and  almost  60  per 
pound  of  broiler  at  the  supermarket  from  this  disease  alone. 

By  H.  Graham  Purchase,  Acting  Chief,  Livestock  and  Veterinary  Sciences, 
Agricultural  Research  Service. 


Matching  Breed  and  Feed 


American  cattlemen  can  draw  upon  a  vast  array  of  feed  re- 
sources and  cattle  breeds  for  producing  beef.  Stocking  rates  range 
from  one  cow  per  two  acres  or  less  to  only  one  cow  per  300  or  400 
acres  because  of  differences  in  climate,  land,  and  feed  resources. 
The  challenge  is  to  match  breeds  of  cattle  having  diverse  perform- 
ance characteristics  with  the  highly  variable  resources  on  farms 
and  ranches  to  make  beef  production  as  efficient  as  possible. 

Differences  between  breeds  in  production  characteristics  are 
real.  Generally,  faster  gaining  breeds  have  heavier  birth  weights, 
more  calving  difficulty,  and  greater  calfhood  death  loss.  However, 
faster  gaining  breeds  use  feed  more  efficiently  in  the  feedlot  and 
produce  leaner  carcasses.  Differences  among  breeds  in  tenderness, 
flavor,  and  juiciness  of  meat  are  small.  Breeds  that  gain  rapidly 
often  are  slower  to  reach  sexual  maturity. 

A  cow  herd  should  consist  of  breeds  well  adapted  to  the  specific 
farm  or  ranch  where  they  are  produced.  Research  shows  that  re- 
production and  production  efficiency  are  reduced  when  the  addi- 
tional feed  required  by  larger,  heavier  milking  cows  is  not  supplied. 
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Just  as  engines  that  vary  in  horsepower  and  performance  require 
different  quantities  and  quality  of  fuel  for  optimum  efficiency,  so 
cattle  that  vary  in  performance  have  different  feed  requirements. 

These  differences  among  breeds  can  be  exploited  by  use  of  breeds 
1)  as  straightbreeds,  2)  in  systematic  crossbreeding  programs,  or 
3)  in  developing  new  composite  breeds. 

Straightbreeding  (use  of  a  single  breed)  is  the  easiest  breeding 
system  to  manage.  Selection  of  breeding  stock  that  is  better 
adapted  to  the  environment  is  a  slow  process  but  the  only  tool  for 
genetic  improvement  available  to  the  producer  using  straight- 
breeding. 

A  systematic  crossbreeding  program  that  combines  the  benefits 
of  selection  with  the  advantages  of  crossbreeding  (hybrid  vigor)  can 
be  used  to  match  breed  characteristics  with  the  climatic-feed  envi- 
ronment. Production  per  cow  is  increased  23  percent  by  crossing 
European  breeds.  Crosses  between  Brahman  and  European  breeds 
yield  even  higher  levels  of  hybrid  vigor. 

A  variety  of  crossbreeding  systems  are  employed.  Rotational  use 
of  purebred  bulls  of  two  or  more  breeds  maintains  much  of  the  hy- 
brid vigor.  Efficiency  is  maximized  by  crossbreeding  systems  that 
involve  crossbred  cows  of  small  to  medium  size  and  optimum  milk 
production  mated  to  sires  of  a  breed  noted  for  large  size  and  carcass 
leanness.  Systematic  crossbreeding  can  be  complicated,  however. 
Bulls  and  cows  of  specific  breeding  and  separate  breeding  pastures 
must  be  maintained. 

An  alternative  to  the  complex  systems  of  crossbreeding  is  use 
of  a  composite  breed  developed  by  intermating  animals  from  two 
or  more  breeds.  For  example,  the  Santa  Gertrudis  (%  Shorthorn, 
%  Brahman)  and  Brangus  (%  Angus,  %  Brahman)  are  breeds 
developed  from  a  crossbred  foundation. 

The  primary  advantage  of  using  a  composite  breed  is  that  after 
the  formation  stage,  the  population  requires  the  same  management 
as  straightbreeding.  Composite  breeds  may  allow  producers  with 
small  herds  to  reap  some  of  the  benefits  of  crossbreeding.  By  care- 
ful selection  of  foundation  breeds,  composite  populations  can  be 
developed  that  are  adapted  to  a  variety  of  nutritive  and  climatic 
environments. 

Research  is  in  progress  to  determine  the  level  of  hybrid  vigor 
that  can  be  maintained  in  composite  breeds  and  to  compare  com- 
posite breeds  with  crossbreeding  systems. 

By  Larry  V.  Cundiff,  and  R.L.  Hurska,  U.S.  Meat  Animal  Research  Center, 
Agricultural  Research  Service,  USDA,  Clay  Center,  Nebr. 
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At  the  U.S.  Meat  Animal  Research  Center,  Clay  Center,  Nebr., 
crossbred  cattle  are  being  tested  to  see  which  breed  crosses  gain 
most  efficiently. 
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Atoms  and  the  Screwworm 

Over  100  years  ago,  as  the  livestock  industry  struggled  for  sur- 
vival in  the  Southwestern  United  States,  ranchers  had  to  protect 
their  animals  from  many  diseases  and  parasites.  One  of  the  most 
feared  was  the  screwworm— the  larval  stage  of  a  blue-green 
blowfly. 

This  insect  had  long  been  known  in  tropical  regions  of  the  New 
World  but  is  believed  to  have  spread  to  the  United  States  sometime 
after  Spanish  cattle  were  herded  to  Texas  and  other  Southwestern 
States.  In  southern  Texas  it  passed  the  winter  safely  and  each 
spring  and  summer  extended  its  distribution  to  Kansas  or  even 
farther  north. 

In  1933  screwworms  appeared  in  Georgia  and  Florida  and  estab- 
lished an  overwintering  population  in  southern  Florida.  Each 
spring  thereafter  adult  flies  moved  north  during  the  summer 
months  to  plague  several  of  the  Southeastern  States. 

Maggots  of  the  screwworm  grow  only  in  healthy  tissues  of  living 
animals,  where  they  bore  in  deeply  and  consume  the  flesh.  If  an 
infestation  is  not  checked,  the  host  is  often  killed  in  one  to  two 
weeks. 


Workers  in  Mexico  load  an  aircraft  with  sterilized  screwworm  flies 
which  will  be  released  over  infested  areas.  The  sterile  males  mate  with 
wild  females  whose  eggs  will  not  hatch. 
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The  female  fly  deposits  her  eggs  on  fresh  wounds  of  all  warm- 
blooded animals,  but  the  navel  of  newborn  calves,  fawns,  and  other 
young  animals  is  an  especially  attractive  site.  The  eggs  hatch  in 
less  than  a  day,  the  tiny  larvae  bore  into  the  exposed  flesh,  and 
more  flies  lay  eggs  at  the  edge  of  the  infested  wound.  In  this  way, 
the  infestation  grows  until  thousands  of  maggots  are  actively  feed- 
ing. The  animal  dies  unless  treated. 

Prior  to  1958,  economic  losses  were  tremendous.  Livestock  own- 
ers purchased  large  quantities  of  screwworm  remedies,  expended 
countless  man-hours  searching  for  and  treating  "wormies"  as  they 
were  called,  and  still  suffered  the  loss  of  animals  either  killed  or 
maimed. 

Losses  varied  with  livestock  prices  but  are  believed  to  have 
sometimes  exceeded  $200  million  a  year  in  the  zone  from  southern 
California  to  southern  Georgia.  One  writer  calculated  that  ap- 
proximately 650,000  animals  were  killed  by  screwworms  each  year. 
Humans  were  not  exempt;  and  prior  to  1960,  screwworm  cases  were 
reported  quite  regularly  in  medical  literature.  The  problem  in 
many  Latin  American  countries  was  quite  similar. 

Fortunately  the  situation  improved  dramatically  soon  after  a 
pair  of  Department  of  Agriculture  entomologists,  E.F.  Knipling  and 
R.C.  Bushland,  conceived  a  method  of  using  the  flies  to  destroy 
their  own  species. 

Screwworm  flies  reared  for  that  purpose  were  sexually  sterilized 
by  exposure  to  atomic  radiation  and  then  released  in  the  field.  The 
otherwise  vigorous  sterile  males  mated  with  wild  females  who  then 
deposited  eggs  which  did  not  hatch. 

First  proven  on  Curacao  by  A.H.  Baumhover  and  other  en- 
tomologists in  1954,  the  technique  was  used  by  State  and  federal 
veterinarians  to  eradicate  screwworms  from  the  Southeastern  U.S. 
in  1958.  Later  the  program  moved  to  the  Southwest;  and  in  1976, 
became  a  joint  undertaking  of  two  countries— Mexico  and  the 
United  States. 

The  joint  program  has  been  so  successful  that  in  1980  only  two 
screwworm  infestations  were  found  in  the  entire  United  States. 
The  pest  had  been  reduced  to  similar  very  low  levels  in  northern 
Mexico  but  the  program  will  continue  until  it  reaches  the  Isthmus 
of  Tehuantepec  in  southern  Mexico.  There  a  permanent  barrier 
of  sterile  flies  will  be  established  so  as  to  protect  screwworm-free 
territory  from  reinvasion. 

Savings  already  produced  by  this  amazing  program  are  shared 
by  consumers  as  well  as  producers.  In  1972  it  was  estimated  that 
an  additional  380  million  pounds  of  carcass  beef  were  available  to 
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American  consumers  because  cattle  survived  which  had  previously 
been  killed  by  screwworms. 

Sportsmen  have  also  benefited  as  more  deer  and  other  wild  ani- 
mals were  available  to  hunters  in  Southern  States;  previously  25  to 
75  percent  of  the  fawns  in  the  screwworm  over- wintering  region 
were  killed  by  screwworms. 

The  benefits  of  screwworm  eradication  have  exceeded  its  costs 
100-fold— a  truly  remarkable  example  of  progress  in  scientific 
agriculture. 

By  O.H.  Graham,  Research  Entomologist,  Agricultural  Research  Service,  USDA, 
Mission,  Texas. 


Residues  and  Ruminants 


Ruminants  are  unique.  They  don't  have  to  compete  with  humans 
for  food.  Cattle,  sheep,  goats,  and  other  ruminants  have  specialized 
stomachs  containing  tiny  microorganisms  which  enable  them  to 
digest  and  utilize  fiber.  While  some  fiber  is  beneficial  in  the  diets 
of  humans  and  other  monogastrics  such  as  pigs  and  chickens,  fiber 
cannot  meet  a  very  large  part  of  their  energy  needs. 

Fiber  is  the  most  abundant  nutrient  on  earth.  All  plants  contain 
large  amounts  of  fiber  and  generally  only  the  grain  (seed),  fruit,  or 
tuber  is  high  in  sugar  or  starch.  When  grain  is  harvested,  an 
amount  of  high  fiber  residue  remains  in  the  field  equal  to  the 
amount  of  grain  harvested.  There  is  enough  residue  from  grain 
production  to  feed  the  entire  beef  population  in  the  United  States. 

Why  haven't  we  been  feeding  more  plant  residues?  Primarily  be- 
cause grain  and  traditional  forage  supplies  have  been  plentiful. 
Large  amounts  of  grain  have  been  used  for  fattening  beef  cattle. 

However,  this  is  all  changing.  Leaner  beef  has  been  requested  by 
the  consumer.  At  the  same  time  grain  is  being  preferentially  used 
for  direct  human  consumption,  for  feeding  to  pigs  and  chickens,  for 
export,  and  for  fuel  alcohol  production.  Traditional  forages  will  be 
well-utilized  but  acreages  will  not  increase  because  of  the  need 
for  grain  production. 

The  time  to  use  plant  residues  for  cattle  production  has  arrived. 
In  many  parts  of  the  western  Corn  Belt,  the  common  system  of 
winter  feeding  of  beef  cows  is  to  allow  them  to  graze  cornstalk 
fields.  Little  cost  is  charged  to  the  cattle  because  it  was  charged  to 
the  grain  produced.  Also,  the  cattle  pay  their  own  harvesting  cost! 

What  are  the  limitations  to  plant  residue  use?  Because  the  plant 
is  mature  when  the  grain  is  harvested,  it  has  rather  low  quality. 
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Weather  prohibits  grazing  in  many  areas  for  extended  periods. 
Some  or  all  of  the  residue  must  remain  on  the  soil  to  prevent  soil 
erosion  and  maintain  tilth. 

Agricultural  research  is  helping  solve  many  of  these  problems 
and  to  enhance  utilization  of  plant  residues— especially  for  beef 
cattle. 

Two  primary  approaches  have  been  taken  to  improve  the  quality 
of  plant  residues.  The  first  is  to  optimize  management  systems  and 
plant  varieties  to  produce  better  quality  roughage.  Time  of  harvest 
has  been  shown  to  be  extremely  important.  Moisture  level  during 
the  growing  season  affects  residue  quality,  and  currently  used  corn 
varieties  vary  in  the  quality  of  residue  they  produce. 

The  second  means  of  improving  crop  residue  quality  is  through 
treatment  with  chemicals.  Research  has  shown  that  three  simple, 
widely  used  and  relatively  safe  chemicals  increase  the  digestibility 
of  crop  residue  fiber.  These  chemicals  are  sodium  hydroxide  (lye), 
calcium  hydroxide  (lime),  and  ammonia. 

Corn  cobs  mixed  with  sodium  hydroxide  and  lime  have  feeding 
value  equal  to  high  quality  corn  silage,  but  no  grain  is  fed! 
Wheat  straw,  previously  used  for  bedding,  can  meet  the  nutritional 
needs  of  gestating  beef  cows  when  treated  with  ammonia. 

The  potential  for  use  of  ammonia  is  very  exciting  because  it  is  ef- 
fective in  increasing  digestibility,  residual  nitrogen  can  be  used  by 
microorganisms  in  the  cattle  to  make  protein,  ammonia  is  easily 
distributed  to  the  farm  just  as  it  is  for  fertilizer,  and  treatment 
with  ammonia  is  simple. 

Wise  application  of  these  technologies  can  help  maintain  beef 
production  with  greatly  reduced  dependence  on  grain  feeding.  This 
will  allow  us  to  have  our  steaks  and  hamburgers  and  not  compete 
with  grain  used  in  other  high  priority  areas. 

By  Terry  Klopfenstein,  Professor,  Animal  Science,  University  of  Nebraska,  Lincoln. 


More  Milk,  Half  the  Cows 


Finding  and  caring  for  a  good  dairy  cow— one  that  gives  a  lot  of 
milk— used  to  be  a  very  risky  hit-or-miss  game.  Merely  40  years 
ago,  cows  giving  2  or  3  gallons  of  milk  a  day  were  considered  satis- 
factory by  most  farmers.  Today,  7  gallons,  or  about  120  glasses  a 
day,  is  more  the  rule.  This  increase  in  milk  per  cow  didn't  just  hap- 
pen; it  was  the  result  of  cooperation  among  a  team  made  up  of 
farmers,  extension  workers,  researchers,  and  educators. 


107 


How  did  this  tripling  of  milk  per  cow  come  about  in  the  past  few 
decades?  First,  the  team  set  up  procedures  for  finding  high  produc- 
ing cows  and  high  producing  herds.  Through  the  National  Coopera- 
tive Dairy  Herd  Improvement  Program,  milk  yields  were  recorded 
for  cows  in  many  herds  across  the  country. 

Second,  researchers  and  extension  personnel  studied  those  cows 
that  gave  the  most  milk,  as  well  as  herds  where  all  cows  produced 
well.  They  investigated  the  high  producing  cows  thoroughly:  what 
they  ate,  how  they  were  cared  for,  and  their  ancestry.  Experiments 
were  conducted  in  university  or  other  research  herds  to  verify  use- 
fulness of  the  insights  gained  from  observations  of  farmers'  high 
producing  cows. 

Third,  educators  and  extension  personnel  shared  with  farmers 
and  others  involved  with  dairy  cows  the  techniques  proven  effec- 
tive to  increase  milk  production  and  efficiency. 

What  have  been  the  benefits  of  more  milk  per  cow?  Today  a  little 
over  10  million  cows  produce  the  Nation's  milk— more  total  milk 
than  the  20  million  cows  then  in  the  United  States  produced  in 
1950.  Because  a  lot  of  the  cost  of  a  cow  is  the  feed  and  labor  needed 
to  maintain  her,  fewer  but  higher  yielding  cows  mean  lower  priced 
milk  to  consumers. 

Genes  from  the  superior  American  dairy  cows  are  being  used 
worldwide  today  to  improve  the  availability  of  milk's  nutrition  to 
the  world's  hungry  people. 

Today  we  continue  to  monitor  milk  production  through  the  Na- 
tional Cooperative  Dairy  Herd  Improvement  Program.  Based  on  its 
data,  programs  have  been  developed  to  recognize  and  spread  the 
genes  from  the  very  highest  producing  cows  throughout  all  herds. 
Feeding  programs  that  are  more  cost  effective  also  are  based  on  its 
data.  Verification  of  the  effectiveness  of  new  production  practices 
is  continuous. 

Since  high  milk  production  is  the  result  of  many  things,  both 
large  and  small,  the  continuous  monitoring  is  a  key  ingredient  to 
high  production.  This  is  necessary  so  insidious  problems  can  be 
recognized  and  corrected  before  they  cause  serious  losses.  Cows  in 
herds  enrolled  in  the  National  Cooperative  Dairy  Herd  Improve- 
ment Program  produce  12  more  glasses  of  milk  per  day  than  those 
not  members. 

It  is  likely  that  our  future  cows  will  give  even  more  milk,  espe- 
cially if  the  proven  programs  of  the  past  are  continued.  Research- 
ers are  continually  discovering  better  ways  to  feed  and  care  for 
cows,  to  control  disease,  to  enhance  reproduction,  and  to  recognize 
those  cows  who  will  be  the  best  parents  of  future  generations. 
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Through  the  National  Dairy  Herd  Improvement  Program,  many  of 
the  Nation's  dairy  farmers  have  been  able  to  greatly  increase  milk 
production.  The  10  million  dairy  cows  on  American  farms  today 
produce  more  milk  than  20  million  cows  did  in  1950. 

In  recent  years,  some  cows  have  produced  over  5,000  gallons  or 
80,000  glasses  of  milk  in  a  year— more  than  three  times  the  yield 
of  today's  average  cow  and  a  feat  thought  impossible  by  many  a 
decade  ago. 

The  keys  have  been  techniques  for  identifying  cows  with  a 
superior  "will  to  milk,"  the  factors  that  enhance  their  ability  to  do 
so,  and  communication  of  these  findings  to  farmers. 

By  Ben  T.  McDaniel,  Professor,  Animal  Genetics,  North  Carolina  State  University, 
Raleigh. 


More  Mileage  From  Silage 


Making  hay  when  the  sun  shines  is  an  effective  way  to  provide 
winter  forage  for  feeding  cattle  and  sheep. 

But  to  insure  availability  of  forage  for  animal  feed  throughout 
the  year,  it  is  necessary  to  use  some  method  of  preservation  and 
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storage.  What's  more,  it  is  desirable  to  harvest  forage  when  the 
nutrient  composition  is  maximum  to  provide  the  best  quality  feed. 
Important  methods  are  field  drying  for  hay,  artificial  drying  for 
hay,  and  ensiling. 

Traditionally,  sun-cured  (or  field-dried)  hay  has  been  and  still 
is  the  most  popular  method  of  forage  preservation.  But  when  the 
weather  doesn't  cooperate,  making  hay  is  wasteful  and  frustrating. 
Therefore,  increased  use  of  ensiling  will  increase  the  preservation 
of  forage  energy  and  make  the  energy  more  valuable.  New  methods 
of  forage  preservation  have  reduced  energy  loss  of  the  forage  crop 
from  an  average  of  about  25  percent  down  to  about  15  percent. 

These  new  chemical  methods  of  preserving  forages  are  one  step 
in  improving  forage  preservation  and  utilization.  Over  the  last  two 
decades,  ensiling  has  been  improved  by  physical  techniques  such  as 
wilting  (partially  drying)  green  hay-crop  forages  and  ensiling  them 
at  about  35  percent  dry  matter  as  is  usually  done  for  corn  silage. 

Acidification  with  mineral  acids  at  ensiling  is  an  old  technique 
for  preserving  hay  crops  but  recent  research  has  shown  that  formic 
acid,  an  organic  acid,  is  very  effective.  Energy  loss  can  be  con- 
trolled to  about  15  percent  when  fresh  forage  is  ensiled  with  acid 
immediately  after  cutting. 

Adding  one-half  percent  of  90  percent  formic  acid  solution  is 
adequate  for  preserving  most  forages.  There  is  no  energy  loss  in 
the  field  because  cut  forage  is  immediately  preserved  by  field  ap- 
plication or  application  as  the  forage  is  put  into  the  silo. 

Formic  acid  makes  harvest  time  less  weather-dependent  since 
moisture  content  of  the  forage  will  not  affect  ensiling.  This  means 
that  harvest  can  be  scheduled  for  maximum  quality  of  forage  with 
minimal  consideration  of  weather.  Harvest  can  actually  take  place 
during  a  light  rain  if  the  field  is  not  too  soft  for  the  harvesting 
equipment. 

Feeding  of  forage  harvested  as  untreated  direct-cut  silage 
normally  results  in  low  consumption  and  growth  rate  by  growing 
cattle.  Besides,  much  protein  in  forage  is  degraded  during  ensil- 
ing and  accounts  for  reduced  animal  performance.  Formic  acid 
treatment  of  direct-cut  forage  produces  silage  that  gives  excel- 
lent intake,  digestion,  and  growth  rate  when  fed  to  cattle. 

Formaldehyde  treatment  of  the  forage  at  ensiling  will  offer  the 
most  economical  method  for  preserving  protein  in  silage  if  approval 
of  formaldehyde  as  an  additive  is  granted  by  the  U.S.  Food  and 
Drug  Administration. 

Research  has  shown  that  cattle  (yearling  Holstein  steers  or  heif- 
ers) gain  from  2  to  2 'A  pounds  daily  when  fed  direct-cut  alfalfa  si- 
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lage  as  the  only  feed  preserved  with  a  combination  of  formic  acid- 
formaldehyde.  Orchardgrass  treated  in  the  same  way  gave  gains  of 
about  1%  pounds  per  day.  Alfalfa  as  forage  is  superior  to  grasses 
because  alfalfa  is  higher  quality  nutritionally. 

Corn,  more  than  any  other  crop,  is  used  for  silage  in  the  United 
States  and  ensiles  efficiently  without  additives.  Corn  silage  is  low 
in  protein,  and  various  nonprotein  nitrogen  additives  have  been 
tried  to  increase  its  feeding  value  to  cattle. 

Ammonia  added  to  the  whole  corn  plant  at  ensiling  provides 
the  most  economical  source  of  nonprotein  nitrogen.  Ammonia  also 
inhibits  protein  degradation  during  ensiling,  and  produces  a  more 
efficient  energy  fermentation— which  means  more  energy  is 
recovered  from  the  silo.  Ammonia  improves  stability  of  the  silage 
at  feeding  time. 

New  preservation  and  storage  processes  available  to  farmers  and 
ranchers  today  will  make  more  high  quality  forage  available  for 
livestock  feed. 

By  H.  Keith  Goering,  Research  Animal  Scientist,  Agricultural  Research  Service. 


The  Bull,  Big  as  Ever 

The  bull  engenders  even  today  a  sense  of  ferocious  grandeur.  The 
scent  of  charcoaled  beef  takes  us  back  to  the  long  lost  bull  cults  of 
the  Mediterranean  basin  and  our  pastoral  nomad  heritage  where 
the  mobile  food  reserve,  cattle,  were  money.  Our  folk  hero,  the  cow- 
boy of  the  silver  screen  and  now  a  part  of  high  fashion,  remains  the 
centaur  of  the  most  prestigious  occupation  in  agriculture,  cattle 
breeding. 

Today,  cattle  breeding  is  more  exciting  than  ranging  vast  herds 
on  buffalo  land  by  holding  the  watering  holes  with  armed  cowboys. 
The  future  belongs  to  the  beef  breeder  who  uses  breeding  technol- 
ogy spawned  by  the  computer  age  in  a  creative  breeding  program 
designed  to  make  rapid  genetic  change  in  economic  merit.  Intelli- 
gent technology  application  is  the  new  frontier  today  in  the  beef 
industry  that  is  so  rich  in  traditions. 

And  the  bull  is  still  of  paramount  importance.  The  genetic  prob- 
lem of  the  beef  breeder  is  to  find  bulls  which  when  mated  to  the 
cow  herd  produce  calves  superior  in  economic  merit  to  those  pro- 
duced by  the  current  bulls.  The  solution  to  the  problem  is  bull  or 
sire  evaluation  done  so  that  a  large  number  of  sires  can  be  fairly 
compared  on  their  breeding  value,  the  value  of  a  bull  as  a  parent. 
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Fair  comparisons  among  the  progeny  of  a  large  number  of  sires 
are  being  made  in  nine  breed-wide  national  sire  evaluation  pro- 
grams run  by  the  respective  breed  associations.  The  programs  all 
follow  guidelines  of  the  Beef  Improvement  Federation  in  that  ref- 
erence sires  are  used  as  the  means  of  making  fair  comparisons 
among  the  progeny  performance  of  the  sires. 

When  reference  sire  progeny  are  produced  in  two  or  more  herds, 
the  sires  producing  progeny  only  in  one  herd  can  be  compared  with 
sires  producing  progeny  in  other  herds. 

Analysis  of  data  that  predicts  future  performance  of  sires  based 
on  the  number  and  performance  of  available  progeny  is  conducted 
on  large  computers  capable  of  solving  large  systems  of  linear  equa- 
tions. The  latest  technology  available  in  statistical  estimation 
theory  is  used  to  develop  these  equations.  Thus,  the  cattle  breeder 
is  on  the  front  line  of  technology  development  since  each  analysis 
of  performance  data  requires  new  theory  use  and  development. 

Improved  sire  evaluation  promotes  use  of  the  top  sires  in  artifi- 
cial insemination,  making  better  reference  sire  ties  and  better  data 
to  analyze  to  make  evaluations  even  more  accurate. 

Since  sires  are  the  critical  issue  in  solving  the  genetic  problem  of 
beef  breeders,  these  breed-wide  national  sire  evaluation  programs 
will  enhance  effectiveness  of  sire  use  in  breeder  herds.  The  pro- 
grams being  conducted  by  breed  associations  will  help  keep  the 
breeds  commercially  oriented  and  available  for  straightbreeding 
or  systematic  crossbreeding  by  beef  producers  who  wish  to  take 
advantage  of  hybrid  vigor. 

By  Richard  L.  Willham,  Professor,  Animal  Breeding,  Iowa  State  University,  Ames. 


From  Microbes  to  Meat  and  Milk 


The  ruminant  has  a  remarkable  approach  to  obtaining  its  pro- 
tein supply.  Much  of  the  protein  it  consumes  is  destroyed  in  the 
first  compartment  of  the  stomach  or  rumen  by  the  microorganisms 
which  carry  out  a  fermentative  digestion.  On  average,  only  about 
30  to  40  percent  of  the  dietary  protein  escapes  destruction  and  is 
available  for  absorption  from  the  gut. 

But  the  major  source  of  protein  for  the  ruminant  consists  of  mi- 
crobial cells  produced  in  the  fermentation.  The  microbial  cells 
contain  about  50  percent  protein,  and  actually  make  most  of  this 
protein  from  degraded  dietary  protein. 
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The  microbes  eventually  pass  from  the  rumen  to  the  intestine 
where  they,  like  the  kamikaze  pilot,  sacrifice  for  the  cause.  About 
two-thirds  of  the  protein  found  in  steak  and  milk  resided  at  one 
time  in  microbial  cells  within  the  rumen. 

There  is  both  good  news  and  bad  news  in  this  type  digestive 
process.  The  good  news  is  that  low  quality  dietary  proteins  can  be 
upgraded  to  high  quality  microbial  protein.  Also,  the  bacteria  can 
use  some  non-protein  nitrogen  sources  such  as  urea  or  ammonia. 
The  livestock  producer  can  substitute  these  inexpensive  and  read- 
ily available  compounds  for  some  of  the  dietary  protein,  thus 
lowering  the  cost  of  protein  supplementation. 

The  bad  news  in  microbial  interaction  in  the  digestive  process  is 
that  the  rumen  microbes  destroy  more  protein  than  they  make 
under  many  feeding  conditions,  resulting  in  a  net  loss  of  protein. 
This  is  obviously  expensive.  As  much  as  one-fourth  of  the  protein 
fed  to  high  producing  dairy  cows  will  be  lost  due  to  excessive  de- 
struction of  dietary  protein  by  rumen  microbes. 

The  solution  to  this  problem  is  to  feed  proteins  less  susceptible  to 
breakdown  by  the  rumen  microbes.  Some  feedstuff s  have  naturally 
resistant  proteins,  such  as  brewers  grains,  distillers  grains  and 
corn  gluten  meal.  Approximately  half  of  the  protein  in  these 
feedstuffs  will  escape  breakdown  in  the  fermentative  digestion. 

Some  of  the  more  important  protein  sources,  however,  are  quite 
extensively  degraded.  Less  than  one-third  of  the  protein  in  soybean 
meal,  alfalfa,  and  cottonseed  meal  will  escape  destruction  in  the 
rumen. 

Several  approaches  have  been  used  to  decrease  protein  destruc- 
tion in  the  rumen.  Heat  treatment  of  feeds  will  lower  protein 
losses,  and  presently  there  is  commercial  interest  in  marketing 
heat-treated  proteins  designed  specifically  for  ruminants. 

Chemicals  such  as  formaldehyde  and  tannins  have  been  used 
successfully  to  protect  protein.  But  it  is  easy  to  overprotect  protein, 
thus  making  protein  unavailable  for  absorption  from  the  gut.  This 
results  in  rich  manure  and  poor  farmers. 

There  are  several  benefits  from  using  naturally  resistant  protein 
or  protected  protein  sources  for  our  ruminant  animals.  These  ben- 
efits are  potentially  available  when  feeding  young  growing  rumi- 
nants or  high  producing  dairy  cows. 

Feeding  protected  proteins,  or  "by-pass"  proteins  as  they  are 
called,  can  mean  that  less  protein  needs  to  be  fed  to  obtain  the 
same  animal  performance. 

Another  benefit  from  feeding  relatively  resistant  proteins  is  that 
there  will  be  greater  opportunity  for  efficient  use  of  nonprotein  ni- 
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trogen  in  the  diet.  When  there  is  extensive  degradation  of  protein 
in  the  rumen,  the  rumen  bacteria  are  more  than  satisfied  with  the 
resulting  raw  materials  to  make  their  body  protein.  They  can't 
make  use  of  the  nonprotein  nitrogen  which  may  have  been  added 
to  the  diet.  If  less  of  the  dietary  protein  is  degraded,  then  the 
rumen  bacteria  need  and  do  make  use  of  the  nonprotein  nitrogen. 

The  goal  of  a  protein-feeding  strategy  is  to  have  most  of  the  die- 
tary protein  escape  destruction  in  the  rumen  and  be  used  directly 
by  the  ruminant.  Nonprotein  nitrogen  would  be  included  in  the 
diet  for  bacterial  use  and  conversion  to  protein  in  the  rumen. 

The  rumen  bugs  are  our  great  friends— most  of  the  time.  They 
enable  the  ruminant  to  utilize  fibrous  feed,  which  people  cannot 
use.  They  also  convert  low  quality  dietary  protein  into  high  quality 
microbial  protein,  thereby  improving  protein  nutrition  of  the 
ruminant. 

However,  the  rumen  microbes  are  overzealous  in  their  digestive 
activity  when  good  quality  rations  are  fed  to  highly  productive 
ruminants. 

Animal  scientists  are  finding  ways  to  sneak  more  dietary  protein 
past  our  little  friends  in  the  rumen,  and  at  the  same  time  har- 
nessing them  to  convert  more  nonprotein  nitrogen  into  microbial 
protein.  That  means  less  costly  and  more  abundant  meat  and 
milk  for  everyone. 

By  Larry  D.  Satter,  Professor,  Dairy  Science,  University  of  Wisconsin,  Madison. 


Calf  Deaths  Cut 

The  University  of  Idaho  helped  reduce  calf  death  losses  from  22 
percent  to  2  percent  in  multifarm  demonstrations  that  applied 
modern  management  techniques. 

A  three-year  study,  the  Pegram  Exten-Search  Project,  involved 
three  beef  cattle  ranches  located  near  Pegram,  Idaho,  a  ranching 
community  in  Bear  Lake  County  near  the  Idaho-Wyoming  border. 
The  ranches  had  similarities  in  their  family  operations— all  cattle 
grazed  similar  type  summer  range  and  the  cow  herd  wintered  at 
Pegram  within  a  ten-mile  area.  The  combined  ranches  managed 
1,600  mother  cows  plus  replacement  heifers  and  summer  yearlings. 

Previous  ranch  records  showed  an  annual  death  loss  of  16  to  22 
percent.  The  newborn  calves  were  often  born  weak,  became  chilled, 
exhibited  scours  (diarrhea),  and  frequently  died.  Prolonged  expo- 
sure to  cold  and  extreme  temperature  variation  further  reduced  the 
thriftiness  of  live  calves,  increasing  their  susceptibility  to  invading 
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disease  organisms.  Frequently,  calves  that  survived  the  scours 
were  usually  set  back  in  growth  and  did  not  fully  recover  their 
thriftiness. 

Symptoms  of  diarrhea,  fever,  and  dehydration  were  observed  in 
sick  calves.  In  many  cases,  calves  did  not  respond  to  medication, 
thus  increasing  labor  and  adding  more  to  treatment  costs. 

Primary  objectives  of  the  Pegram  Exten-Search  project  were  to 
recognize  and  define  problems  of  the  sick  calves,  and  implement 
management  changes  to  correct  the  problems  and  minimize  death 
in  the  young  calves.  A  secondary  objective  was  to  develop  an  effec- 
tive and  economical  program  in  preventive  medicine  to  improve 
thriftiness  of  the  newborn  calf. 

During  the  three-year  study,  the  University  of  Idaho  staff,  with 
cooperation  of  the  Pegram  ranchers,  reduced  calf  death  loss  to  2.8 
percent  of  all  calves  born  during  the  calving  period.  This  period 
began  in  mid-February  and  extended  to  the  June  1  turnout  on 
summer  range. 

Increased  survival  rate  of  calves  born  during  the  Pegram  Project 
was  attributed  to  a  number  of  management  changes  and  to  im- 
proved calving  techniques  which  had  been  applied  by  the  ranchers, 
veterinarians,  and  University  of  Idaho  staff  associated  with  the 
project. 

Management  changes  and  calving  techniques  applied  in  the 
study  included:  sick  calf  treatment,  nutrient  fluid  therapy,  calving 
management  and  improved  sanitation,  herd  health  program, 
winter  cow  nutrition,  improved  calving  facilities,  herd  health  rec- 
ords, beef  cattle  improvement  program,  physical  cow  evaluation, 
and  development  of  rancher  skills. 

The  Pegram  Exten-Search  Project  was  funded  by  the  Idaho  Beef 
Council  and  conducted  by  the  University  of  Idaho  in  cooperation 
with  Pegram  ranches.  It  focused  on  a  total  management  systems 
approach  to  improving  the  reproductive  efficiency  of  cow-calf  range 
operations  in  Idaho. 

Practical  application  of  the  Pegram  information  is  being  ex- 
tended through  calving  management  workshops  and  field  dem- 
onstrations. The  University  of  Idaho  Cooperative  Extension  staff 
and  practicing  veterinarians  utilize  the  support  materials,  audio- 
visual aids,  and  live  demonstrations  of  the  various  techniques  in  a 
program  thrust  recognized  by  the  Idaho  Beef  Cattle  Industry  as 
the  Total  Beef  Program. 

By  Edward  P.  Duren,  Professor  and  Extension  Specialist,  University  of  Idaho, 
Soda  Springs. 
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Frontiers  of  Science  to  Tomorrow's  Food 

Coordinated  by  PA.  Putnam  and  J.  McBride 


Did  you  ever  stop  to  think  how 
tomorrow's  food  depends  upon  to- 
day's science?  Feeding  a  burgeoning 
population  while  at  the  same  time 
maintaining  a  favorable  environ- 
ment is  the  challenge  of  our  agricul- 
tural scientists.  Food  production  is 
not  confined  to  an  isolated  segment 
of  rural  America  but  is  an  integral 
part  of  our  country's  socio-economic 
structure.  As  such,  agriculture's 
future  becomes  our  future. 

Previous  chapters  have  highlight- 
ed historical  and  contemporary  ac- 
complishments in  food  production 
which  have  resulted,  in  part,  because 
of  agricultural  research— but  what 
about  tomorrow?  What  is  likely  to 
happen?  Have  we  progressed  to  our 
biological  limits  for  food  production? 

Answers  to  these  questions  in  re- 
verse order  are  that  we  have  not 
reached  our  biological  limits  in 
science  or  in  practice.  Continuing 


increases  in  production  and  quality 
are  anticipated. 

Selected  samples  of  a  few  of  the 
changes  and  developments  we  may 
expect  for  tomorrow  are  described  in 
the  following  vignettes.  The  topics 
were  selected  to  illustrate  how  ag- 
ricultural research  contributes  and 
relates  to  the  other  sciences,  and  how 
scientific  advances  in  other  fields 
are  being  applied  to  agriculture.  This 
interaction  among  the  sciences  will 
help  to  assure  that  we  have  a  plenti- 
ful food  supply  as  we  move  into  the 
21st  century. 


Paul  A.  Putnam  and  Judy  McBride, 
coordinators  of  this  chapter,  are  with 
the  Agricultural  Research  Service  at 
Beltsville,  MD.  He  is  director  of  the 
research  center  and  she  is  with  the 
Northeastern  Regional  Information 
Office. 


Superbird  on  the  Job 

Bob  Smith,  a  local  lawyer  and  part-time  farmer,  left  his  office 
early  in  the  afternoon.  His  first  love,  farming,  consumed  much  of 
his  evenings  and  weekends.  Combining  two  careers  required  him 
to  manage  his  time  carefully,  and  to  use  timesaving  methods 
whenever  possible. 

Upon  arriving  home,  he  went  immediately  to  the  den  and 
switched  on  his  home  computer,  which  was  attached  to  a  small 
black  box  that  had  an  antenna  protruding  from  it.  He  spoke  di- 
rectly to  the  computer  and  asked  to  be  connected  to  Superbird,  a 
"poor  man's  satellite,"  parked  approximately  20  miles  above  the 
farming  area. 

Superbird  did  not  look  like  the  satellites  of  the  80's.  It  had  large 
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winglike  structures  that  served  to  stabilize  it  in  the  thin  atmos- 
phere and  to  gather  solar  power  for  the  motor  that  kept  it  in  the 
same  place  above  the  earth.  The  solar  cells  also  powered  the 
radiometer  and  lens  systems  that  measured  the  reflected  sunlight 
and  other  natural  energy  that  came  from  the  farms  below.  Super- 
bird  was  a  cooperative  effort  among  farmers  in  the  area;  each 
had  contributed  towards  the  cost  according  to  his  farm  size. 

The  computer  responded  instantaneously,  making  the  connec- 
tion. Bob  asked  to  see  a  picture  of  the  field  in  the  southwest  corner 
of  his  farm.  Immediately  a  picture  appeared  on  the  TV  screen  on 
the  wall  in  front  of  him.  The  view  was  of  a  lush  green  wheat  field. 
Everything  looked  fine.  Bob  then  asked  the  computer  to  show  the 
same  area,  but  in  colors  that  would  represent  different  tempera- 
tures. He  knew  healthy  green  wheat  plants  would  all  be  nearly 
the  same  temperature. 

The  TV  screen  blinked  and  a  beautiful  picture  appeared  in 
shades  of  blue,  red,  and  green.  Bob  looked  closely  at  a  large  red 
spot  that  appeared  near  the  middle  of  the  wheat  field.  He  sensed 
that  something  was  wrong.  The  red  color  meant  the  spot  was 
warmer  than  its  surroundings.  Some  possible  causes  of  the  warm 
spot  were  lack  of  moisture,  low  soil  nutrient  supply,  or  insects 
feasting  on  the  wheat  or  spreading  a  disease. 

Bob  told  the  computer  to  take  certain  parts  of  the  light  that  was 
picked  up  by  Superbird  and  combine  them  in  a  way  that  would  tell 
him  more  about  the  warm  spot  on  the  field. 

After  trying  several  combinations,  he  decided  the  problem  was 
a  shortage  of  nitrogen  in  the  soil.  He  asked  the  computer  to  predict 
what  the  yield  would  be  if  he  did,  and  did  not,  add  the  suggested 
amount  of  nitrogen.  He  then  told  the  computer  the  current  pro- 
jected market  price  for  wheat  and  the  price  of  the  nitrogen  and 
asked  for  an  economic  analysis,  to  see  if  it  would  pay  him  to  add 
the  fertilizer  with  the  next  irrigation. 

Bob  proceeded  to  survey  his  farm  field-by-field,  making  decisions 
on  how  to  manage  each  of  them.  Science  fiction?  No— not  really 
Are  people  doing  this  now?  No,  not  yet,  but  much  of  the  technology 
is  here  and  such  scenes  could  become  commonplace. 

Computers  that  listen  and  talk  are  for  sale  everywhere,  but 
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scientists  still  have  a  lot  of  work  to  do  before  all  the  ways  of  using 
the  reflected  light  and  naturally  emitted  energy  from  earth  can  be 
put  together  to  tell  us  if  what  Superbird  sees  is  caused  by  insects, 
lack  of  nutrients,  water,  or  whatever. 

Also,  the  "poor  man's  satellite,"  a  brainchild  of  several  brilliant 
NASA  engineers,  is  still  a  dream.  But  it  will  be  built,  and  when  it 
is,  it  will  use  the  principles  learned  from  the  Gossamer  Albatross, 
the  lightweight  airplane  that  was  pedaled  across  the  English 
Channel  by  a  man. 

When  the  entire  system  is  finally  in  operation,  small  and  large 
farmers  will  share  equally  in  its  use.  It  will  be  available  on  call, 
to  give  information  on  your  farm— just  by  asking  for  it!  Superbird, 
by  taking  a  far  out  look  at  your  farm,  will  be  your  own  personal 
agricultural  consultant. 

By  Ray  D.  Jackson,  Physicist,  U.S.  Water  Conservation  Laboratory,  Agricultural 
Research  Service,  VSDA,  Phoenix,  Ariz. 


A  Sexual  Revolution 

Cattle  reproduction  is  rapidly  moving  from  the  pasture  to  the 
laboratory.  Better  understanding  of  the  reproductive  process  has 
taken  much  of  the  chance  out  of  breeding  and  given  us  genetically 
superior  offspring— animals  that  produce  more  meat  and  milk. 

Artificial  insemination  was  the  first  giant  step.  Males  that  sire 
more  productive  offspring  are  identified  and  their  semen  collected. 
After  the  semen  is  properly  diluted  and  frozen,  it  can  be  sent  any- 
where in  the  world.  Some  bulls  have  sired  over  150,000  offspring 
through  artificial  insemination. 

Scientists  have  been  attempting  for  many  years  to  separate  the 
X  (female  producing)  sperm  from  the  Y  (male  producing)  sperm  in 
bull  semen  so  that  the  sex  of  offspring  can  be  planned.  Successful 
methods  have  been  developed  for  identifying  the  sex  of  an  embryo 
based  on  antibodies  to  the  male  tissue,  and  optimists  predict  suc- 
cess in  the  ability  to  control  the  sex  of  future  offspring. 

The  super  female  can  now  be  made  to  produce  more  offspring  and 
this  procedure  could  become  commonplace.  When  the  female  is 
treated  with  a  "fertility"  drug,  she  will  produce  more  eggs  than 
normal.  The  eggs  can  be  fertilized  inside  the  female  or  removed 
and  fertilized  in  a  test  tube  where  "matings"  can  be  planned  for 
each  individual  egg. 

If  the  eggs  are  fertilized  inside  the  female,  the  resulting  embryos 
can  be  left  to  develop  into  twins  or  triplets,  or  they  can  be  collected 


118 


and  transferred  to  other  females  called  surrogate  mothers.  When 
surrogate  mothers  are  not  readily  available,  the  embryos  can  be 
frozen  to  await  transfer  at  a  later  time. 

Even  a  single  embryo  can  be  made  to  produce  more  offspring — 
thousands,  in  fact.  A  single-cell  fertilized  egg  divides  into  2  cells 
which  divide  into  4  cells,  8  cells,  and  so  on.  At  this  very  early  stage 
of  development,  each  cell  in  the  embryo  is  exactly  alike.  This 
means  that  splitting  a  4-cell  embryo  into  four  separate  cells  by 
microsurgery  and  transferring  these  cells  to  surrogate  mothers 
could  result  in  identical  quadruplets. 

The  potential  of  this  technology  is  tremendous.  For  example,  a 
female  on  fertility  drugs  can  easily  produce  eight  embryos.  If  these 
embryos  are  separated  at  the  4-cell  stage,  each  cell  grown  in  cul- 
ture to  the  4-cell  stage,  and  the  process  repeated  6  times,  over 
4,000  potential  offspring  would  be  produced.  And  they  would  be 
genetically  identical! 

But  the  potential  for  manipulating  embryos  doesn't  end  there. 
Cells  from  a  1-  or  2-cell  embryo  could  have  their  genetic  component 
removed  or  destroyed.  A  nucleus  from  a  body  cell  of  an  adult  ani- 
mal could  then  be  inserted  into  the  embryonic  cell,  resulting  in 
an  identical  copy  (clone)  of  the  adult  animal. 

Variations  of  cloning  could  also  involve  replacing  the  original 
nucleus  with  the  nuclei  from  just  sperm  or  just  eggs.  The  offspring 
would  have  two  genetic  fathers  or  two  genetic  mothers.  It  could  be 
the  equivalent  of  crossing  a  bull  with  himself  or  a  cow  with  herself. 
And  the  latter  would  insure  that  all  the  offspring  are  female. 

These  are  but  a  few  of  the  techniques  that  are  causing  a  revolu- 
tion in  reproduction. 

By  R.A.  Bellows,  Livestock  and  Range  Research  Station,  Agricultural  Research 
Service,  USDA,  Miles  City,  Mont. 


Microbe  Engineering 

The  results  of  recombinant  DNA  technology  are  upon  us  and  will 
make  important  contributions  in  many  areas,  including  aging, 
cancer,  vaccines,  and  immunology. 

A  piece  of  DNA  that  codes  for  a  particular  chemical  can  now  be 
inserted  into  the  genetic  material  of  bacteria  or  other  microbes 
such  as  yeast,  even  animal  cells  grown  in  tissue  cultures.  These 
new  or  altered  life  forms  are  then  multiplied  into  billions  of  cells 
that  produce  the  chemical  for  which  they  have  been  engineered. 

So  far,  several  biological  products  are  being  produced  in  this 
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manner— including  human  and  cattle  growth  hormone,  insulin, 
and  interferon.  And  research  is  underway  to  develop  organisms 
that  will  produce  proteins  which  can  be  used  as  vaccines  against 
viral  hepatitis,  influenza  and  foot-and-mouth  disease. 

The  most  commonly  used  "factory"  for  manufacturing  these  prod- 
ucts is  the  bacterium  E.  coli,  which  is  one  of  the  most  studied  or- 
ganisms known  to  microbiologists.  It  is  precisely  this  background 
of  knowledge  about  the  organism  that  allows  scientists  to  remove 
a  circle  of  DNA  called  a  plasmid,  cut  it  by  using  specific  enzymes, 
and  insert  pieces  of  DNA  from  another  organism  into  the  splice. 
When  the  reconstructed  plasmid  is  reinserted  into  the  bacterium, 
it  produces  the  protein  product  for  which  it  was  coded. 

Another  approach  to  genetic  engineering  is  to  chemically 
synthesize  the  pieces  of  DNA  from  the  genetic  code  and  insert 
the  synthesized  genes  into  a  plasmid.  This  approach  was  used  in 
part  for  producing  insulin. 

Genetic  engineering  offers  many  advantages  over  current 
methods  of  producing  vaccines.  One  of  the  most  important  is  safety. 

To  produce  a  conventional  vaccine,  the  disease  organism  must  be 
grown  in  large  numbers,  then  inactivated.  Both  procedures  can  be 
dangerous  or  difficult.  For  example,  in  countries  where  the  inci- 
dence of  foot-and-mouth  disease  is  controlled  by  vaccinating  cattle, 
recent  outbreaks  have  been  caused  by  escape  of  the  virus  from  the 
vaccine-production  laboratories  or  by  inoculating  animals  with 
improperly  inactivated  vaccines.  In  addition  to  safety,  genetically 
engineered  vaccines  likely  will  be  many  times  cheaper  than 
those  from  whole  virus. 

Much  of  the  concern  expressed  several  years  ago  by  the  public 
and  some  scientists  over  genetic  engineering  has  subsided  because 
more  has  been  learned  about  the  technique,  and  there  have  been 
no  adverse  effects  from  the  work.  The  advantages  which  have 
already  been  achieved  and  the  potential  for  developing  basic 
knowledge  as  well  as  for  producing  other  useful  products  bodes 
well  for  this  new  technology. 

By  Jerry  J.  Callis,  Director,  Plum  Island  Animal  Disease  Center,  Agricultural 
Research  Service,  Greenport,  Long  Island,  N.Y. 


Water  Wizardry 

Water,  water  every  where...  Not  so  anymore.  In  fact,  the  energy 
crisis  of  the  1970's  will  take  a  back  seat  to  the  water  crisis  in  the 
1980's  and  90's.  But  water  problems  are  nothing  new.  Recent  court 
battles  over  water  resources  in  the  West  are  reminiscent  of  the 
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Agriculture  is  the  Nation's  largest  single  consumer  of  water.  Irrigated 
agriculture  produces  20  percent  of  the  gross  income  received  for  farm 
products,  but  uses  only  10  percent  of  U.S.  cropland. 

gunfights  over  water  rights  of  a  century  ago,  only  the  adversaries 
now  file  briefs  instead  of  firing  bullets. 

Agriculture  has  been  the  single  biggest  user  of  water,  with  10 
percent  of  U.S.  cropland  now  under  irrigation.  Irrigated  crops  ac- 
count for  20  percent  of  gross  income  received  for  farm  products  — 
largely  in  fruits  and  vegetables.  Experts  predict  that  little  addi- 
tional water  will  become  available,  and  agriculture  will  have 
to  compete  with  industry  and  urban  development  for  it. 

The  American  farmer  has  always  learned  to  cope  with  adversity, 
and  the  problem  of  competition  for  available  water  will  be  no  ex- 
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ception.  Farmers  in  the  more  arid  Western  States  will  switch  to 
crops  that  can  be  grown  without  irrigation  or  to  new  varieties  that 
yield  well  with  less  irrigation. 

Growers  east  of  the  Mississippi,  where  water  is  more  plentiful, 
may  be  supplying  more  of  the  fruits  and  vegetables  now  grown  in 
the  West. 

But  geographic  redistribution  of  crops  will  not  be  the  only 
solution.  Before  our  modern  Farmer  Brown  turns  on  his  irrigation 
system,  he  has  several  options  for  saving  water  made  possible 
by  advances  in  science  and  technology. 

He  may  choose  to  plant  some  of  the  new  drought-resistant  vari- 
eties that  plant  breeders  are  now  working  to  create.  Varieties  of 
corn,  wheat,  cotton,  hay  and  other  crops  will,  in  the  future,  give 
more  yield  per  unit  of  water. 

If  he  has  a  problem  with  runoff,  he  may  decide  to  invest  in  the 
fuel  needed  to  reshape  his  land  to  hold  more  water  on  the  crops.  He 
can  also  convert  his  older  irrigation  system  to  more  efficient 
equipment  such  as  the  trickle  system. 

Water  sensing  devices  that  can  be  buried  in  the  soil  will  help  our 
modern  Farmer  Brown  to  know  when  he  needs  to  add  water  to 
supplement  natural  rainfall.  And  his  extension  agent  can  advise 
him  at  what  stage  in  his  crops'  development  he  should  irrigate  to 
get  the  greatest  yield  from  each  unit  of  water  applied. 

He  can  enter  this  information  into  his  home  computer,  along 
with  available  weather  data,  soil  moisture  readings  and  crop  condi- 
tion information  to  help  him  decide  when  to  add  water  and  how 
much  to  add. 

Irrigation  will  continue  to  be  a  big  factor  in  providing  the 
American  consumer  with  high  quality  fruits,  vegetables  and  other 
crops.  But  it  will  be  used  more  wisely  and  the  geographic  distribu- 
tion of  crop  types  is  bound  to  change. 

By  Carl  W.  Carlson,  Soil  and  Water  Scientist,  Agricultural  Research  Service,  USDA 
(retired),  Ruckersville,  Va. 


The  Fix  Is  In 

Agricultural  legumes  like  soybeans,  peas,  cowpeas,  alfalfas  and 
clovers  not  only  supply  their  own  nitrogen,  they  help  to  replenish 
the  soil  for  crops  that  require  nitrogen  fertilizer,  such  as  corn, 
wheat,  barley,  rice,  sorghum,  sugar  beets  and  many  others. 

The  market  value  of  nitrogen  produced  by  agricultural  legumes 
in  the  United  States  is  nearly  $5  billion  per  year.  However,  crops 
that  can't  produce  their  own  nitrogen  still  depend  heavily  on  com- 
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mercial  fertilizers  which  require  large  inputs  of  natural  gas  and 
electricity  to  manufacture.  And,  as  every  homeowner  knows,  it 
takes  fertilizer  plus  "April  showers"  to  make  lawns  green  up  and 
stay  green  and  healthy  throughout  the  growing  season.  But  the 
cost  of  manufacturing  these  fertilizers  is  ever  increasing. 

Since  nature  has  given  us  air  that  is  80  percent  nitrogen  and 
microbes  that  can  transform  (fix)  this  gaseous  nitrogen  into 
the  compounds  that  plants  need,  why  not  improve  on  nature? 
Scientists  are  doing  just  that. 

These  unique  microbes  have  an  enzyme  called  nitrogenase  that 
enables  them  to  be  little  nitrogen  factories.  Some  live  freely  in  the 
soil  while  others  live  in  nodules  formed  on  the  roots  of  legumes. 
Their  ability  to  fix  atmospheric  nitrogen  also  benefits  leguminous 
and  nonleguminous  trees  and  shrubs. 

Farmers  and  gardeners  can  now  go  to  the  seed  store  or  garden 
center  for  legume  seeds  and  buy  their  nitrogen  fertilizer  in  the 
form  of  a  small  packet  of  microbes  which  they  can  apply  on  the 
seed  or  plant  to  form  nodules. 

What  improvements  or  new  technology  might  be  expected  in  the 
future?  Scientists  are  transferring  desirable  traits  from  microbe  to 
microbe  to  develop  new  breeds  that  are  more  efficient  nitrogen 
factories,  more  resistant  to  the  hostility  of  their  soil  environment, 
and  more  specific  for  a  selected  plant  that  has  been  bred  to 
better  use  the  nitrogen  from  the  nodule. 

The  farmer  will  be  able  to  buy  a  soybean  variety  and  a  microbe 
custom-bred  for  one  another  as  well  as  for  a  particular  field  so 
there  will  be  no  interference  from  microorganisms  left  in  the  field 
from  other  years.  He  might  also  request  microbes  that  don't  stay  in 
the  soil  more  than  one  cropping  season,  so  that  if  he  changes  vari- 
eties of  soybeans  he  can  custom  order  another  nodulating  microbe 
that  will  be  the  most  efficient  the  following  year. 

Once  scientists  understand  all  the  mechanisms  that  make  the 
root-nodule  nitrogen-fixing  system  work,  the  farmer  may  supply 
nitrogen  to  his  corn  and  wheat  the  same  way  he  does  for  legumes. 

Not  all  crops  are  likely  to  become  independent  of  commercial 
nitrogen  fertilizer;  in  many  cases  both  systems  complement  one 
another  in  total  crop  production.  But  commercial  nitrogen  fertilizer 
may  be  manufactured  some  day  by  using  the  nitrogenase  system  of 
microbes  to  fix  atmospheric  nitrogen  into  the  compounds  plants 
can  use.  The  process  will  use  less  energy  and,  because  of  this, 
the  product  will  be  cheaper. 

By  Deane  F.  Weber,  Microbiologist,  Agricultural  Research  Service. 
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Designer  Genes 

Green  plants  function  as  solar  energy  machines— converting 
sunlight  into  food,  fiber,  oil,  and  biomass  (energy)  for  a  world 
population  of  4  billion  people.  Crop  plants  are  the  heart  of  a  vast 
agricultural  system  that  deserves  recognition  as  one  of  our  most 
precious  natural  resources.  Recent  discoveries  in  gene  splicing  raise 
the  possibility  that  any  gene  from  any  source  can  be  engineered 
into  plants. 

Traditionally,  plant  breeders  have  combined  the  desirable  genes 
or  traits  from  two  different  parents  into  one  individual  progeny 
through  breeding.  However,  breeding  can  occur  only  between 
closely  related  plants.  Corn,  for  example,  will  not  cross  with  wheat. 

Genetic  engineering  techniques  may  ultimately  permit  taking 
genes  from  any  plant  species  and  inserting  them  into  any  other 
plant. 

For  example,  several  genes  that  each  confer  resistance  to  a  differ- 
ent disease-causing  fungus  could  be  isolated  from  several  plant 
species  that  each  naturally  possess  resistance  to  one  of  the  fungi. 
These  several  genes  could  then  be  attached  together  in  a  test  tube, 
multiplied  in  the  bacterium  E.  coli  and  put  into  a  crop  plant  such 
as  corn.  The  corn  would  then  possess  multiple  resistance  to  those 
several  disease  fungi. 

Another  example  involves  the  ability  of  certain  crop  plants  such 
as  soybeans  and  clovers  to  enter  into  a  symbiotic  association  with 
certain  bacteria.  These  bacteria  take  nitrogen  from  the  air  and 
"fix"  it  into  a  chemical  form  that  plants  use  for  making  protein. 
The  need  for  applying  expensive  nitrogen  fertilizer  to  these  crops  is 
largely  eliminated. 

Genetic  engineering  techniques  may  enable  scientists  to  isolate 
from  soybeans  the  genes  that  permit  this  association  to  occur. 
These  genes  may  then  be  moved  into  such  crops  as  corn  or  wheat, 
crops  that  now  consume  a  great  deal  of  fertilizer  nitrogen.  Their 
engineered  ability  to  associate  with  nitrogen-fixing  bacteria 
would  considerably  reduce  the  need  for  fertilizer  nitrogen. 

Genes  now  being  isolated  from  plants  include  traits  for  disease 
resistance,  herbicide  tolerance,  drought  tolerance,  photosynthesis, 
fertilizer  use  efficiency  and  symbiotic  nitrogen  fixation.  Special 
pieces  of  DNA  called  vectors  are  used  to  carry  genes  from  one  plant 
to  another. 

At  least  three  different  vectors  for  plants  are  now  being 
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studied  — all  with  a  note  of  optimism.  Once  the  genes  are  "loaded" 
in  their  vectors,  they  then  must  be  delivered  to  suitable  target 
cells.  One  approach  is  to  use  isolated  plant  cells  stripped  of  their 
thick  outer  wall;  these  cells  will  develop  into  mature  plants  harbor- 
ing the  new  trait.  Difficulty  with  that  delivery  step  is  a  critical 
bottleneck  at  this  time. 

When  can  this  exciting  challenge  be  achieved?  A  great  deal  of 
venture  capital  is  pouring  into  the  field.  Success  is  based  on  rapid 
advances  in  isolation  and  cloning  of  plant  genes,  development  of 
plant  vectors,  and  new  strategies  for  plant  cell  culture.  The  first 
products  should  be  available  in  the  1980's. 

By  R.C.  Valentine,  Professor,  Plant  Growth  Laboratory,  University  of  California, 
Davis,  and  L.D.  Owens,  Plant  Physiologist,  Cell  Culture  &  Nitrogen  Fixation 
Laboratory,  Agricultural  Research  Service,  USDA,  Beltsville,  Md. 


Living  Insecticides 

What  would  be  your  reaction  if  you  were  told  that  living  germs 
could  be  used  to  effectively  control  insect  pests  in  your  home,  gar- 
den, and  on  your  farm?  Astonished!  Don't  be!  Insecticides  formu- 
lated from  living  microorganisms  rather  than  chemicals  are  now 
on  the  market,  and  more  will  be  available  within  the  next  decade. 
Future  living  products  will  also  be  used  to  control  weeds,  tape- 
worms, nematodes,  ticks  and  other  parasites  and  diseases  of  man, 
domestic  animals,  and  plants. 

Insect  pests,  like  all  living  things,  are  susceptible  to  diseases 
caused  by  bacteria,  fungi,  protozoa,  and  viruses.  These  micro- 
organisms are  not  new;  they  are  already  present  in  the  environ- 
ment and  often  naturally  control  populations  of  insects  which  injure 
man  and  cause  extensive  damage  to  food  and  fiber  crops.  They  also 
have  been  naturally  screened  over  millions  of  years  to  fit  the 
environment.  Scientists  are  now  finding  how  to  effectively  use 
them  for  mankind's  benefit. 

Commercial  formulations  of  these  microbes  are  called  Living 
Insecticides.  There  are  more  than  1,500  of  these  natural,  safe,  bio- 
degradable microorganisms  that  might  be  formulated  into  living 
insecticides,  and  the  number  does  not  stop  with  those  already 
known.  New  microbes  are  being  discovered  each  year.  In  fact,  the 
number  of  candidate  microbes  could  double  in  the  next  decade. 

Tl\e  potential  impact  of  substituting  microbial  insecticides  for 
chemical  insecticides  can  be  substantial.  In  the  United  States 
alone,  use  of  a  living  viral  insecticide  to  control  bollworms  and 
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One  of  the  living  insecticides  that  researchers  are  studying  is  a 
fungus  that  successfully  attacks  the  larvae  of  soybean  podworm, 
green  clover  worm,  cabbage  looper,  and  soybean  looper. 

budworms  on  cotton,  a  living  fungus  against  the  citrus  rust  mite,  a 
bacterium  against  cabbage  worms,  and  a  living  protozoan  against 
grasshoppers  could  replace  about  20  to  30  million  pounds  of 
chemical  insecticides  annually. 

If  formulated  from  micro-organisms,  are  these  living  insecticides 
safe?  There  never  has  been  a  death  in  humans  due  to  either  the 
experimental  or  commercial  handling  of  over  100  different  kinds  of 
microbes  which  attack  insects. 

Some  remarkable  achievements  in  the  development  and  use  of 
living  microbial  insecticides  have  occurred  within  the  past  decade. 
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Basic  and  applied  research  in  this  area,  practically  nonexistent 
after  World  War  II,  is  now  a  formalized  science.  A  new  industry  has 
blossomed  to  produce  and  commercialize  safe  and  effective  micro- 
bial insecticides  which  are  now  being  mass  produced  and  effec- 
tively used  by  growers  and  home  gardeners  to  control  damaging 
insects  such  as  caterpillars,  grubs,  flies,  mosquitoes,  mites,  weevils 
and  even  hard  to  kill  grasshoppers  that  are  pests  of  vegetables, 
fruits,  fibers,  and  forests.  Yes,  you  will  be  using  living, 
environmentally  safe  pesticides. 

By  Carlo  Ignoffo,  Biological  Control  of  Insects  Research  Laboratory,  Agricultural 
Research  Service,  USDA,  Columbia,  Mo. 


Pinpointing  Disease 

Poultry  producers  lose  $200  million  each  year  to  a  disease  called 
coccidiosis  because  the  birds  fail  to  grow  as  they  should.  They 
spend  another  $90  million  on  medicine  to  control  this  disease.  But 
an  effective  vaccine  against  coccidiosis  would  eliminate  these  extra 
costs  and  reduce  the  price  of  poultry  for  the  American  consumer. 

Vaccines  in  general  could  drastically  reduce  the  billions  of  dollars 
spent  each  year  for  medication  to  control  a  menagerie  of  human 
and  animal  diseases.  But  even  when  good  vaccines  are  available 
they  are  of  no  value  to  some  people  and  animals  because  their 
bodies  can't  produce  antibodies— those  secret  police  which  stand 
ready  to  capture  and  subdue  a  foreign  chemical  or  organism  called 
an  antigen.  Instead,  antibodies  against  these  infectious  agents 
could  be  administered  if  they  were  available. 

Where  there  is  no  effective  vaccine  —  which  is  the  case  for  most 
types  of  human  and  animal  infections— medication  may  be  the 
only  way  to  restore  health.  But  what  is  the  cause  of  the  infection? 
Which  antibody  or  drug  would  be  most  effective? 

To  solve  all  these  problems  one  would  need  a  whole  bag  of  magic 
tricks,  right?  Maybe  not.  The  answer  may  lie  in  hybridomas— cells 
which  produce  one,  and  only  one,  very  specific  antibody. 

Hybridomas  are  made  in  the  laboratory  by  fusing  an  antibody- 
producing  cell  from  a  mouse's  spleen  with  a  cell  from  a  mouse 
tumor,  called  a  myeloma,  which  will  multiply  rapidly  outside  the 
mouse's  body  in  tissue  culture,  but  will  not  grow  in  any  other 
species  of  animal.  Although  the  spleen  manufactures  the 
whole  range  of  antibodies,  individual  spleen  cells  produce  only 
one,  specific  antibody.  Thus,  in  a  hybridoma,  the  spleen  cell  pro- 
vides the  design  of  the  product  while  the  tumor  cell  provides  for 
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mass  production  of  the  product.  The  product  is  called  a  monoclonal 
antibody. 

How  will  these  antibodies  help  produce  new  vaccines,  improve 
diagnosis,  and  fight  disease,  including  cancer?  The  answer  is  in 
their  purity. 

The  organism  that  causes  coccidiosis  consists  of  hundreds  of  an- 
tigens, each  of  which  stimulates  a  specific  antibody.  And  multiple 
antigens  are  common  in  most  disease  organisms. 

When  all  of  these  antibodies,  combined  with  thousands  of  an- 
tibodies to  other  organisms,  are  swimming  around  in  the  chicken's 
blood,  it  is  very  difficult  to  study  the  antigens  which  could  be  used 
to  develop  a  vaccine.  But  hybridomas  can  produce  a  pure  antibody 
for  each  antigen  on  the  coccidia  organism.  These  antibodies  will 
hook  up  with  their  specific  antigen,  enabling  scientists  to  isolate 
and  study  them. 

The  same  principle  makes  monoclonal  antibodies  extremely  val- 
uable for  diagnosing  disease  agents.  When  a  disease  agent  is  iso- 
lated from  a  sick  person  or  animal,  it  is  often  identified  by  mixing 
it  with  antibodies  against  several  germs  to  see  which  antibody  it 
reacts  with.  These  antibodies  are  now  prepared  in  animals,  but  be- 
cause the  preparations  contain  antibodies  to  other  germs  the  ani- 
mal has  contacted  in  nature,  the  tests  are  not  always  accurate. 
Monoclonal  antibodies  may  not  only  pinpoint  the  cause  of  disease, 
they  could  also  be  used  to  measure  the  degree  of  immunity  that 
the  person  or  animal  has  developed. 

They  can  also  be  given  to  humans  or  animals  to  help  fight 
infection  on  a  temporary  basis.  Since  they  are  pure  they  would 
not  produce  side  effects. 

Monoclonal  antibodies  are  only  six  years  old  and  fast  becoming 
child  prodigies. 

By  M.D.  Ruff  and  H.D.  Danforth,  Poultry  Parasitic  Diseases  Laboratory,  Agricultural 
Research  Service  (ARS),  Beltsville,  Md.;  and  C.H.  Campbell,  Plum  Island  Animal 
Disease  Center,  ARS,  Greenport,  Long  Island,  N.  Y. 


Catfish  Alley 

Fish  is  the  only  class  of  foods  that  is  still  gathered  from  the  wild. 
Because  they  come  from  sources  over  which  man  has  little  or  no 
control,  their  supply,  quality  and  price  are  quite  variable.  In  addi- 
tion, we  presently  import  66  percent  of  our  seafood. 

But  all  this  is  changing.  American  farmers  are  now  producing 
fish  under  managed  conditions  just  as  they  have  produced  meat, 
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Catfish  production  on  U.S.  farms  rose  from  20  to  125  million  pounds  in 
the  past  decade.  Fish  are  among  the  most  efficient  feed  converters, 
gaining  a  pound  of  weight  for  every  Vh  pounds  of  feed. 
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milk,  eggs,  fruit  and  grain  for  centuries.  It's  called  aquaculture. 

From  1970  through  1980,  the  harvesting  of  channel  catfish  in- 
creased from  20  million  pounds  per  year  to  125  million  pounds.  The 
channel  catfish  has  the  greatest  potential  for  commercial  culture 
because  it  can  be  grown  in  all  parts  of  the  United  States,  and  it  re- 
produces and  grows  easily  under  managed  conditions.  It  has  few 
bones,  white  meat  and  a  mild  flavor— all  of  which  help  make 
it  attractive  to  the  consumer. 

A  well  managed  catfish  farm  can  yield  about  110,000  pounds 
of  fish  per  man-year  of  labor.  Yields  of  5,000  pounds  per  acre  are 
commonly  harvested  from  earthen  ponds  which  average  about 
10  acres  in  size. 

It  takes  lMi  years  for  a  channel  catfish  to  grow  to  its  market  size 
of  1  pound.  During  its  first  summer,  the  fish  grows  to  about  5 
inches  in  length.  In  its  second  summer  it  is  fattened  up  before  it 
goes  to  market.  The  fish  are  harvested  and  taken  live  to  a  process- 
ing plant  where  they  are  slaughtered,  frozen  or  packed  in  ice, 
and  distributed  to  retail  markets. 

Research  has  provided  us  with  information  on  genetics,  disease, 
nutrition  and  economics  which  has  allowed  for  the  farming  of  sev- 
eral species  of  food  fish.  In  future  years,  trout  and  salmon  will  be 
cultivated  more  intensively  and  some  of  the  popular  marine  food 
fishes  will  join  the  ranks  of  farmed  fish,  helping  to  reduce  our 
imports  while  providing  the  American  consumer  with  a  high  pro- 
tein diet  at  a  reasonable  price.  Shrimp,  crayfish  and  oysters  will  be 
reared  from  egg  to  adult  rather  than  left  to  endure  the  cyclical 
ups  and  downs  of  Mother  Nature. 

Fish  are  highly  efficient  in  converting  feed  into  the  proteins  hu- 
mans need.  They  gain  1  pound  of  body  weight  for  every  \xk  pounds 
of  feed.  They  are  more  efficient  in  using  food  calories  for  growth 
than  warmblooded  animals.  They  are  more  efficient  than  beef  or 
pork  and  about  equal  to  chickens  in  converting  food  protein  into 
body  protein. 

It  takes  about  the  same  amount  of  fossil  energy  (petroleum  and 
coal)  to  produce  channel  catfish  as  it  takes  to  produce  poultry, 
which  is  lower  than  that  needed  to  raise  other  land  animals. 

Through  continued  research,  yields  will  increase,  production 
costs  will  decrease,  new  culture  techniques  will  emerge  and  new 
fish  species  will  be  harvested  on  fish  farms  instead  of  being 
gathered  in  the  wild. 

By  Richard  T.  Lovell,  Department  of  Fisheries  and  Applied  Aquacultures,  Auburn 
University,  Auburn,  Ala. 
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Y  The  Land  and  Water  Squeeze  on  Our  Food 

By  William  khyte 


KThe  first  man  to  fence  in  a  piece 

I  of  land,  saying,  This  is  mine,' 
and  who  found  people  simple 
enough  to  believe  him,  was  the 
real  founder  to  civil  society." 
Jean-Jacques  Rousseau,  1712-1778. 

"The  first  farmer  was  the  first 
man  and  all  historic  nobility  rests 
on  possession  and  use  of  land." 
Ralph  Waldo  Emerson,  1803-1882. 

These  quotes  may  be  in  opposition 
on  the  legality  of  the  institution  of 
private  property,  yet  they  share  a 
common  thought:  How  well  land  is 
used  is  important  to  social  order  and 
influences  society  for  good  or  ill. 

Humankind  is  still  experimenting 
with  basic  philosophies  on  the  own- 
ership and  use  of  land.  Historically, 
the  concept  of  land  ownership  has 
stirred  debate  concerning  its  impact 
upon  the  distribution  of  wealth  in 
a  society. 

Today  we  recognize  land  as  a  na- 
tional resource,  whose  ownership 
carries  both  rights  and  responsibil- 
ities. The  responsibilities  are  not 
yet  as  well  defined  legally  as  the 
rights,  and  therein  lies  the  rub.  Will 
we  have  adequate  land  to  produce 
the  food  and  fiber  we  need  in  the 
21st  century  if  land  development 
continues  unabated? 

Suburban  housing,  energy,  trans- 
portation and  other  large  land  users 
are  bidding  for  agricultural  land  at  a 
level  that  often  excludes  agricultural 
interests  from  holding  on  to  it.  Land 
moved  out  of  agriculture  is  rarely 
returned  to  crop  production.  It  is 


frequently  our  best  farm  land.  Land 
brought  into  agriculture  is  usually 
more  difficult  and  costly  to  farm,  and 
less  productive  than  the  acreage 
being  lost. 

Our  Cropland  Base 

Early  in  1981  the  five-year  National 
Agricultural  Lands  Study  was  com- 
pleted by  the  Federal  Government.  It 
offers  us  the  most  useful  data  to  date 
with  which  to  review  cropland  re- 
sources and  to  study  scenarios  of 
what  could  happen  to  food  supplies 
as  we  enter  the  next  century. 

Today  the  United  States  has  about 
540  million  acres  of  what  we  call  our 
cropland  base.  It  is  land  with  a 
medium  to  high  potential  for  produc- 
ing crops.  To  break  it  down  one  step, 
413  million  acres  of  this  land  are 
readily  available  as  cropland,  al- 
though not  all  of  it  is  in  crops  at 
present.  The  remaining  127  million 
acres  are  potential  cropland,  most  of 
it  in  pasture  and  rangeland  with 
about  a  third  in  forest  and  other  land 
use.  This  cropland  base  constitutes 
the  heart  of  our  agricultural  land 
resources. 

Beyond  this  acreage  we  have  some 
268  million  acres  of  land  with  a  low 
potential  for  cultivated  crops. 

All  this  land  is  part  of  a  much 
larger  land  category  called  our  ag- 
ricultural land  base.  Consisting  of 
1,361  million  acres,  it  contains  not 
only  all  our  cropland  but  all  our 
rangeland,  pastureland,  and  forest 
land. 
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Land  moved  out  of  agriculture  for  housing,  roads,  and  highways  usually 
is  lost  to  agriculture  forever.  Unfortunately  that  land  is  frequently  our 
best  farmland. 


Annually  about  3  million  acres 
are  removed  for  other  uses  from  the 
agricultural  and  base.  A  third  of 
these  acres  are  prime  farmland,  land 
with  the  highest  potential  for  pro- 
ducing crops,  which  probably  is  lost 
to  agriculture  forever.  While  the 
nonagricultural  land  usually  is 
taken  for  important  needs,  many  of 
the  needs  could  be  met  without  eat- 
ing so  deeply  into  these  best 
of  agricultural  lands. 

Meanwhile,  the  monetary  and  en- 
vironmental costs  of  bringing  new 
land  into  crop  production  are  much 
higher  than  they  used  to  be.  The 
problem,  if  left  unchecked,  will  even- 
tually become  critical  and— at  that 
point— beyond  remedy.  The  "Catch- 
22"  is  when  people  have  enough  food 
and  can  afford  it,  the  national  con- 


stituency for  preserving  agricultural 
lands  becomes  small  indeed. 

Farmer  Needs 

American  farmers  will  have  to  culti- 
vate about  50  percent  more  cropland 
by  the  year  2000  than  they  do  now 
even  if  productivity  continues  to  rise 
about  1  percent  a  year.  Increased  de- 
mands of  domestic,  export  and  fuel 
crop  markets  could  reach  85  percent 
over  current  levels  and  force  into 
production  all  of  our  agricultural 
land  base  by  that  time. 

Major  adjustments  in  the  agricul- 
tural system  would  include  a  large 
movement  of  forage  land  into  crop 
production.  Livestock  grazing  would 
probably  be  substantially  reduced. 
Confinement  feeding  of  beef  would  be 
more  commonplace,  with  accompany- 
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ing  increases  in  the  real  costs  of 
meat. 

Project  this  to  the  year  2030  and 
we  easily  could  be  112  million  acres 
short  of  cropland,  having  lost  50 
million  acres  from  our  1980  agricul- 
tural land  base  to  nonagricultural 
uses. 

This  is  what  Americans  face  today, 
an  entirely  different  situation  with 
their  agricultural  lands  than  they 
have  in  the  past.  Until  the  1970's, 
when  we  increased  our  cropland  by 
60  million  acres  to  meet  increased 
demand,  the  amount  of  land  under 
cultivation  in  the  United  States  had 
not  changed  significantly.  From  1915 
to  1955,  in  fact,  it  remained  at  close 
to  345  million  acres.  By  1972  it  had 
even  decreased  to  289  million.  It  has 
since  expanded  to  353  million  acres 
in  1980  and  will  continue  to  grow 
with  the  demand  for  products  in 
the  years  ahead. 

Some  setbacks  in  agricultural  pro- 
ductivity occurred  in  the  1970's  that 
have  sped  up  this  rising  need  for  land 
in  crops.  Costs  of  fuels  and  fertilizer 
as  well  as  other  energy  inputs  esca- 
lated rapidly.  Land  available  for 
crops  was  less  fertile  than  in  the 
past.  Water  supplies  tightened  and 
growth  rates  on  irrigated  lands  were 
not  always  maintained.  Erosion  and 
salinization  made  significant  inroads 
into  soil  fertility.  The  population, 
which  had  been  migrating  from  rural 
areas  to  urban  areas,  began  a  reverse 
flow  to  the  countryside. 

Transition  Period 

Clearly  we  are  in  a  transition  period 
between  the  surpluses  of  the  past  and 
a  time  when  our  agricultural  land 
and  other  resources  will  become  fully 
used. 

Secretary  of  Agriculture  John  R. 


Block  expressed  it  this  way,  "All  of 
the  statistics,  legislation,  and  studies 
mean  nothing  without  a  basic  under- 
standing that  in  the  next  20  years  we 
cannot  meet  a  60  to  85  percent  in- 
crease in  demand  for  U.S.  agricul- 
tural products  while  urbanizing 
3  million  acres  of  productive  land 
each  year  and  maintaining  current 
low  productivity  rates." 

Acreage,  as  he  notes,  is  but  one 
dimension  of  the  situation.  Land 
must  be  considered  in  terms  of  crop 
yields,  access  to  water  and  its  vul- 
nerability to  erosion  if  we  are  to 
examine  the  bottom  line,  which 
is  productivity. 

Agricultural  land  having  the  best 
of  these  characteristics  is  prime  farm 
land.  It  is  level,  free  of  stones  and 
obstructions,  served  by  roads,  elec- 
tricity and  other  services  necessary 
to  growing  and  marketing  crops.  It  is 
in  relatively  large  tracts.  It  is  physi- 
cally and  chemically  right  for  produc- 
ing food,  feed,  forage,  fiber  and 
oilseed  crops  and  has  the  growing 
season  and  moisture  supply  needed 
to  economically  produce  high  yields 
of  crops  when  properly  managed. 
And  it  is  the  least  expensive  land 
to  farm  because  it  is  so  good. 

The  Nation  has  about  345  million 
acres  of  prime  farmland.  All  but 
about  15  million  acres  of  it  is  in  crop- 
land. It  is  the  most  vulnerable  land 
for  development  by  nonfarm  users. 
Development  in  our  100  best  agricul- 
tural counties  is  taking  place  at 
twice  the  rate  it  is  nationally. 

This  is  largely  because  many  popu- 
lation centers  are  in  the  heart  of 
prime  farm  areas— Chicago,  for  in- 
stance. Not  only  does  suburban 
development  consume  the  prime 
farmland  directly,  but  for  every 
acre  actually  used  another  acre  is 
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Farming  vs.  urbanization.  Concerned  about  the  rapid  disappearance  of 
farmland,  Secretary  of  Agriculture  Block  said  we  cannot  continue  to 
meet  increased  demands  for  U.S.  agricultural  products  while  urban- 
izing 3  million  acres  of  productive  land  each  year. 


isolated  from  ever  being  used  as 
cropland  because  development  leap- 
frogs into  the  countryside. 

Stop  Urban  Expansion? 

A  1980  Congressional  report  titled, 
"Compact  Cities:  Energy  Saving 
Strategies  for  the  Eighties,"  suggests 
stopping  or  reducing  urban  expan- 
sion to  protect  farmland. 

It  points  out  that  the  pattern  of 
suburban  growth  comes  more  from 
habit  than  from  necessity.  It  requires 
the  constant  development  and  dupli- 
cation of  public  facilities  such  as 
schools,  streets,  and  lighting  as  well 
as  services.  Meanwhile,  existing 
facilities  deteriorate  and  a  quarter  of 
the  privately  owned  land  in  central 
cities  lies  vacant. 


The  conclusion  is  that  the  Nation 
could  double  its  current  population 
and  provide  housing  for  everyone 
without  expanding  existing  munici- 
pal boundaries. 

While  this  makes  sense,  it  is  also 
evident  that  the  compact  cities  ap- 
proach would  not  be  a  quick  turn- 
around for  existing  trends.  But  it  is 
the  direction  in  which  we  should  be 
moving. 

The  urban  renewal  in  many  of  our 
cities  is  a  promising  beginning.  How- 
ever, over  the  last  decade  the  Nation 
has  witnessed  a  migration  from 
urban  to  rural  areas.  Forty  percent  of 
the  housing  built  during  that  period 
was  on  rural  land.  Almost  12  million 
new  housing  units  are  likely  to  be 
added  in  nonmetropolitan  areas 
by  1995. 
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By  the  mid-1970's,  only  684  coun- 
ties in  the  Nation  received  20  percent 
or  more  of  their  income  farming.  As 
recently  as  1950  that  figure  was 
2,016  counties. 

Suburban  growth  will  continue 
throughout  this  century  while  sun- 
belt cities  increase  in  population  12 
percent  and  frostbelt  cities  decline  in 
population  by  4  percent.  Develop- 
mental pressures  on  agricultural 
lands  may  actually  intensify  in  the 
last  few  years  of  the  1980's  because 
the  disparity  between  demand  and 
availability  will  be  greatest  during 
this  period. 

Energy  Impact 

The  Nation's  expanding  search  for 
energy  is  expected  to  require  increas- 
ing amounts  of  land,  much  of  it  farm- 
land. Coal  companies  plan  to  mine 
another  312,000  acres  by  1985.  The 
fact  that  this  coal-mined  land  must 
be  restored  to  its  former  state  gives 
little  compensation  to  agriculture. 
Reclaiming  mined  land  for  farming  is 
expensive  and  crop  yields  are  often 
substantially  below  what  they  origi- 
nally were. 

Land  stripmined  for  minerals  other 
than  coal  remains  unreclaimed,  as 
laws  currently  do  not  protect  it. 

Each  new  power  plant  requires 
2,000  acres  or  more  plus  large  areas 
for  support  facilities.  Electrical 
transmission  rights-of-way  are  ex- 
pected to  require  up  to  3  million 
more  acres  of  land  before  the  year 
2000.  Much  of  that  land,  of  course, 
will  still  be  farmed,  but  presents 
special  problems  for  farmers. 

The  greatest  threat  to  agricultural 
productivity  from  energy  develop- 
ment lies  in  its  potentially  large 
water  requirements,  much  of  which 
would  be  diverted  from  agricultural 
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The  demand  for  energy  will  take 
more  crop  and  range  land  out  of 
production  since  coal  companies 
plan  to  mine  another  312,000 
acres  by  1985.  Even  if  land  is 
reclaimed,  crop  yields  are  often 
much  lower. 


uses.  How  serious  this  competition 
will  become  can  be  assessed  when  the 
direction  and  extent  of  energy  de- 
velopment in  the  West  emerges.  One 
alternative  may  help  in  the  South- 
west, where  some  water  for  energy 
development  can  be  pumped  from 
deeper  aquifers  than  are  economi- 
cally available  to  agriculture. 

Agriculture  itself  may  take  land 
from  food  and  fiber  crops  to  produce 
energy  in  the  form  of  fuel  crops  such 
as  oil-  and  alcohol-producing  crops. 
How  much  will  depend  on  technolog- 
ical advancements  in  producing  oil 
fuels  and  engines  to  burn  them 
cleanly,  and  economic  incentives  and 


135 


some  technological  improvements  in 
the  production  of  alcohol  for  use  in 
gasohol.  While  this  land  would  re- 
main agricultural,  it  could  be  dif- 
ficult to  recapture  for  production 
of  food. 

Farmers  Who  Give  Up 

Perhaps  the  most  immediate  impact 
that  conversion  of  land  to  nonag- 
ricultural  uses  has  is  on  the  farmers 
themselves.  A  pattern  of  behavior 
long  observed  in  farming  areas  as 
they  are  overtaken  by  population 
and  competing  land  uses  has 
been  labeled  the  "Impermanence 
Syndrome"  by  sociologists. 

Farmers  become  discouraged  by 
the  changes  around  them.  They 
begin  to  see  development  of  their 
land  as  inevitable.  They  understand- 
ably stop  putting  money  into  either 
keeping  up  their  buildings  and 
equipment  or  applying  conservation 
practices  to  the  land.  Finally,  they 
mine  the  land,  getting  as  much  out  of 
its  remaining  fertility  as  they  can 
with  minimum  input. 

At  this  point  they  may  have  no 
choice  as  suppliers  and  services  upon 
which  they  depend  may  already  have 
closed  up  or  moved  on.  These  farmers 
often  sell  to  developers  and  get  out 
of  farming. 

The  pattern  is  common  in  the 
Northeast  where  people  increasingly 
depend  on  food  trucked  in  from  far 
away.  The  surrender  of  farmers  to 
advancing  urbanization  is  of  special 
concern  there,  as  consumers  begin  to 
see  the  value  of  retaining  a  supply  of 
fresh  farm  foods  in  their  counties  or 
at  least  in  their  States.  Some  endorse 
petitions  at  farm  roadside  stands  and 
come  to  the  aid  of  farmers  in  hear- 
ings before  county  officials  to  help 


keep  local  farms  from  vanishing. 
This  is  in  marked  contrast  to  the 
conflicts  that  can  arise  between 
suburbanites  and  farm  neighbors 
because  of  noise,  odors,  damage  to 
crops  and  other  mutual  irritations. 

The  heavily  developed  but  fertile 
Northeastern  States  contain  25 
percent  of  the  Nation's  population 
and  only  4  percent  of  its  cropland. 

This  area  has  slightly  over  4 
percent  of  the  country's  high  and 
medium  potential  cropland.  In  terms 
of  prime  farmland  it  has  14  million 
acres,  surprisingly  more  than  either 
the  eight  Mountain  States  or  five 
Pacific  States. 

Danger  Areas 

The  National  Agricultural  Lands 
Study  lists  many  of  the  Northeastern 
States  among  those  in  danger  of  los- 
ing almost  all  their  farmland  by  the 
year  2000.  It  indicates  that  Florida, 
New  Hampshire  and  Rhode  Island 
could  lose  most  of  their  remaining 
farmland  in  the  next  20  years  — 
if  the  current  annual  losses  go  on. 
Likewise,  West  Virginia  could  lose  73 
percent  during  that  time;  Connect- 
icut, 70  percent;  Massachusetts,  51 
percent;  New  Mexico,  50  percent; 
Maryland,  44  percent;  Vermont, 
43  percent;  and  Utah,  35  percent. 

These  States  could  be  left  totally 
dependent  on  the  transportation  in- 
dustry for  foodstuffs,  which  would 
bring  sharp  rises  in  food  prices.  This 
has  led  State  and  local  leaders  to  in- 
stitute measures  to  save  farmland 
or  slow  its  conversion. 

Nationwide,  less  than  20  million 
acres  of  existing  or  potential  crop- 
land are  protected  under  comprehen- 
sive State  or  local  programs.  Among 
the  legal  mechanisms  now  being 


136 


Florida's  farmland  —  its  citrus  groves,  vegetable  fields,  and  pastures  — 
are  disappearing  at  such  a  fast  rate  that  there  may  be  little  left  by 
the  year  2000.  Other  States  that  could  lose  most  of  their  remaining 
farmland  in  the  next  20  years  are  New  Hampshire  and  Rhode  Island. 


employed  to  protect  farmers  from 
development  are: 

Agricultural  zoning,  which  re- 
stricts uses  to  agricultural  and  re- 
lated uses.  Critics  say  it  can  be  easily 
turned  around  when  pressure  for 
nonagricultural  uses  grows  in  an 
area. 

Purchase  of  development  rights,  a 
successful  technique  in  some  areas  of 
the  country.  Here  the  jurisdiction  or 
a  non-profit  organization  buys  de- 
velopment rights  on  farmland,  which 
reduces  the  cost  of  that  land  propor- 
tionately. This  makes  it  easier  for  a 
farmer's  relatives  or  others  who  want 
to  continue  the  farm  to  buy  it.  It  en- 
ables a  farmer  to  get  money  without 
having  to  sell  out,  and  assures  that 
the  farmland  will  be  preserved. 

This  process  has  proven  useful  in 


Massachusetts,  where  the  Massa- 
chusetts Farm  and  Conservation 
Lands  Trust,  a  nonprofit  private 
trust,  was  set  up  to  purchase  de- 
velopment rights  on  farmland.  Ac- 
cording to  State  Commissioner  of 
Agriculture  Frederic  Winthrop,  Jr., 
the  trust  can  act  more  quickly  and 
sometimes  in  ways  in  which  the 
State  cannot  act. 

Critics  of  the  purchase  of  develop- 
ment rights  say  it  is  too  costly  to 
work  in  major  agricultural  areas 
such  as  Iowa  and  California.  It  may 
be  best  suited  in  areas  where  farms 
are  comparatively  small. 

Comprehensive  planning  can  pro- 
vide some  protection  for  farmland,  or 
at  least  reserve  it  until  a  more  per- 
manent solution  can  be  found.  It  is 
not  legally  binding  in  and  of  itself. 
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Agricultural  districting  is  used  to 
identify  specific  areas  where  long 
term  farming  operations  are  located. 
These  may  be  areas  where  farmers 
only  pay  taxes  for  the  agricultural 
value  of  the  land,  and  are  otherwise 
relatively  free  of  land  development 
pressures. 

Transfer  of  development  rights 
is  applied  where  a  developer  has 
purchased  rights  in  a  designated  pres- 
ervation area.  Those  rights  can  be 
transferred  to  a  designated  develop- 
ment area  where  the  facility  that 
the  developer  was  planning  can 
be  constructed. 

Differential  assessment  of  farmland 
is  scaling  the  property  tax  to  farm 
use  instead  of  the  land's  market 
value.  It  relieves  the  farmer  of  the 
high  tax  burden  caused  by  rising 
land  values. 

A  development  permit  system  re- 
quires that  a  developer  obtain  an  ad- 
ditional permit  from  a  special  State 
or  regional  agency  in  addition  to 
those  normally  required. 

Right  to  farm  legislation  protects 
farmers  from  local  ordinances  that 
frequently  accompany  suburban 
encroachment,  unless  the  farming 
practices  endanger  public  health 
or  safety. 

Basic  to  protecting  farmland,  of 
course,  is  reforming  inheritance  tax 
laws  so  that  land  need  not  be  sold  to 
pay  taxes  whenever  an  estate  is 
transferred. 

While  the  methods  employed  have 
obvious  limitations,  they  are  en- 
couraging in  their  diversity.  If  farm- 
land is  to  be  saved,  much  of  it  will 
have  to  be  at  the  discretion  of  local 
citizens  who  know  the  productive 
capabilities  of  the  agricultural  lands 
in  their  area.  The  danger,  if  there  is 
one,  is  that  local  people  may  not  see 


the  loss  of  their  agricultural  land  as 
that  important  to  the  Nation,  and  opt 
for  continued  rapid  development. 

Regional  Concerns 

Having  noted  the  special  importance 
of  preserving  farmland  in  the  North- 
eastern United  States,  here  are  some 
of  the  concerns  of  other  regions: 

The  South  has  sizable  reserves  of 
land  suitable  for  agriculture,  even  in 
comparison  to  land  now  being  culti- 
vated there.  Other  major  users,  such 
as  timber  producers,  have  their  eye 
on  much  of  the  same  potential  crop- 
land. Demands  for  timber  are  ex- 
pected to  increase  40  percent  in  the 
next  20  years.  Much  of  this  demand 
will  have  to  be  met  by  increased 
production  in  the  Southeast. 

In  the  North  Central  Region,  more 
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f  farmland  is  to  be  saved  from  non-agricultural  development,  it  will  have  to 
be  at  the  discretion  of  local  people.  Nevertheless,  loss  of  productive  cropland 
is  not  generally  considered  by  most  people  to  be  a  critical  problem  yet. 


than  other  regions,  urban  growth 
consumes  the  most  productive  acres 
because  its  many  towns  and  cities 
are  in  the  midst  of  prime  farmland. 
Extensive  coal  reserves  in  States  like 
Illinois  are  another  potential  threat 
to  these  prime  farmlands — even 
though  the  Nation  has  an  estimated 
300-year  supply  of  coal  not  under- 
lying prime  farmland. 

The  Western  Region  depends  heav- 
ily on  irrigation,  and  its  future  pro- 
ductivity is  most  threatened  by  the 
continued  depletion  of  its  aquifers,  in 
large  measure  by  agriculture  itself. 

Water  is  as  important  as  land  to 
our  future  agricultural  productivity. 
Agriculture  uses  about  83  percent  of 
the  Nation's  water  supply— almost 
all  of  this  for  irrigation,  especially  in 
the  West.  Like  other  users,  agricul- 


ture's demand  for  water  increases 
every  year. 

Surface  water  from  streams,  rivers, 
lakes,  swamps  and  manmade  reser- 
voirs is  used  and  reused  by  agricul- 
ture as  it  is  available. 

Plains  Problems 

A  quarter  of  all  the  water  used  in  the 
United  States  is  ground  water  from 
vast  underground  aquifers,  and 
agriculture  uses  half  of  it.  Our 
reserves  of  this  water,  once  thought 
inexhaustible,  are  estimated  to  be 
the  equivalent  of  35  years  of  surface 
water  runoff. 

In  some  agricultural  areas  in  the 
High  Plains,  groundwater  levels  are 
dropping  10  feet  a  year.  Recharge  is 
slow,  perhaps  3  inches  a  year.  With- 
out irrigation  water,  much  more  of 
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the  Great  Plains  would  have  to  re-  tial  building  sites, 
vert  to  low  yielding  dryland  farming.  Losing  this  quality  farmland, 
Extensive  wind  erosion  could  occur  which  can  never  be  replaced,  clearly 
in  areas  that  run  out  of  accessible  indicates  that  conversion  of  farmland 
water  for  agricultural  land.  is  not  generally  perceived  as  a  criti- 
Some  of  our  most  versatile  farm-  cal  problem  yet.  A  dramatic  sign  that 
land  is  in  areas  where  specialty  crops  cropland  is,  indeed,  in  short  supply 
are  grown.  These  are  also  high  value  may  be  required  to  spark  broad  pub- 
crops  and  contribute  greatly  to  an  lie  support,  and  make  protection  of 
area's  economy.  The  nine-county  agricultural  lands  a  National  issue, 
areas  surrounding  San  Francisco  Scarcity  and  high  prices  set  off 
Bay,  for  instance,  produce  more  food-  national  alarm  over  energy.  The 
stuffs  than  13  States.  Yet  even  in  National  Agricultural  Lands  Study 
this  vitally  important  agricultural  sounds  a  much  softer  warning,  but 
area,  about  19,000  acres  are  con-  hopefully  one  that  intelligent  people 
verted  annually — mostly  to  residen-  can  understand  and  act  on. 


A  Capital  Trap 

Quite  apart  from  the  competition  for  land,  economic  pressures 
in  the  agricultural  system  itself  can  force  farmers  out  of  business 
and  farmland  out  of  production. 

Farmers  are  entering  a  changing  economic  climate  in  which  they 
have  to  compete  extra  hard  for  capital  to  pay  for  the  costly  inputs 
required  to  operate  a  farm  these  days.  Many,  especially  small 
farmers,  are  unable  to  compete  with  corporations  and  State  and 
local  governments  for  borrowed  funds. 

For  years  farmers  used  their  rapidly  appreciating  land  values  to 
provide  them  with  an  almost  unending  source  of  credit,  even  when 
production  returns  were  not  keeping  pace.  Now  they  risk  being 
caught  in  the  equity-financing  trap  in  periods  of  high  interest 
rates.  The  high  rates  can  eventually  eat  away  at  the  equity  the 
farmer  has  in  land. 

Since  agriculture  will  continue  to  be  highly  capital-intensive, 
farmers  are  expected  to  continue  to  increase  their  debt  financing  in 
the  decade  ahead. 

Helping  them  in  this  financial  squeeze  is  the  expansion  of  ag- 
ricultural markets  at  home  but  especially  abroad.  As  agriculture's 
resources  become  fully  used  to  meet  this  demand,  farmers  are 
likely  to  receive  considerably  higher  real  profits  from  their 
commodities. 


William  Whyte  is  a  staff  member  of  the  Special  Programs  Center  in  the  Office 
of  Governmental  and  Public  Affairs. 
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Savaging  Our  Soil,  Sustainer  of  Food  and  Life  •  / 


By  Lloyd  E./ Wright 


It  can  take  up  to  1,000  years  for 
1  inch  of  topsoil  to  form  under 
natural  conditions.  But  this  inch  of 
topsoil  may  be  lost  in  only  4  years 
through  erosion  in  many  parts  of  the 
country.  In  addition  to  erosion,  mil- 
lions of  acres  of  the  Nation's  lands 
are  being  degraded  by  poor  farming 
practices,  irrigation-related  salts, 
heavy  metals,  acid  rain,  floods,  and 
toxic  chemicals.  Besides  degrading 
the  soil,  all  these  forces  are  pollut- 
ing our  lakes  and  waterways  with 
sediment,  heavy  metals,  chemicals, 
and  pesticides. 

Soil  usually  is  regarded  as  the 
outer  6  feet  of  the  earth's  crust,  al- 
though it  may  be  as  shallow  as  1  inch 
or  as  deep  as  40  feet.  The  top  10  to  24 
inches  of  soil  (where  most  of  the  or- 
ganic materials  are  formed)  is  called 
topsoil, 

Soil  quality  is  the  soil's  capacity  to 
support  and  provide  nutrients  and 
water  to  a  given  plant  under  a  given 
set  of  management  conditions.  Cer- 
tain soil  characteristics  indicative  of 
quality  can  be  measured,  but  soil 
quality  per  se  is  a  value  judgment. 

Soil  consists  of  minerals,  organic 
matter  (dead  plant  and  animal  re- 
mains), air,  and  water.  Soil  texture 
(the  relative  proportions  of  various 
sizes  of  soil  particles),  pore  space, 
and  the  amount  of  organic  matter 
the  soil  contains  affect  movement  of 
water  in  the  soil  and  make  nutrients 
and  moisture  available  to  plants 
growing  in  it. 

Organic  matter  in  soil  is  deter- 


mined by  the  amounts  of  dead 
animal  and  plant  remains  and  the  ef- 
fects of  climate  on  their  decomposi- 
tion. When  very  large  amounts  of 
plant  and  animal  remains  collect,  the 
amount  of  organic  matter  is  high  and 
increasing  each  year.  Fields  that  are 
being  cropped  and  have  high  erosion 
rates  contain  less  organic  matter, 
and  the  amount  may  be  decreasing. 

A  number  of  other  factors  affect 
the  amount  of  food  that  can  be  pro- 
duced from  a  given  acre  of  land  — 
type  of  crop,  quality  of  seed,  amount 
and  type  of  fertilizer,  pesticides, 
equipment  used,  tillage  methods, 
weather,  and  farmer  skills.  One  of 
the  most  important  factors  is  soil 
productivity.  In  the  Nation's  or- 
chards, croplands,  rangelands,  and 
forests  it  relates  to  ability  of  the  soil 
to  hold  and  provide  water  and 
nutrients  to  plants. 

Farming  practices,  high  levels 
of  erosion  (detachment  and  removal 
of  soil  particles),  improvements  in 
structure  caused  by  normal  weather- 
ing, and  pollution  can  singly  and 
in  combination  change  our  soil 
productivity  over  time. 


Masked  by  Technology 

During  the  past  50  years,  most  of  the 
negative  effects  of  erosion,  compac- 
tion, and  pollution  on  soil  productiv- 
ity have  been  masked  by  improved 
technology.  The  technological  im- 
provements range  from  hybrid  seeds, 
improved  pesticides,  and  specialized 
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Uncontrolled  runoff  of  rain  has  washed  tons  of  soil  from  this  Oregon 
field.  Erosion  is  the  most  serious  threat  to  U.S.  soil  productivity. 


equipment  to  improved  management 
of  fertilizer  application,  tillage  prac- 
tices, plant  population,  and  water. 

Most  of  the  increases  in  agricul- 
tural production  in  the  last  50  years 
can  be  attributed  to  these  technologi- 
cal advances.  These  increases  have 
made  it  difficult  for  the  public  to  un- 
derstand the  need  for  reducing  the 
rate  of  soil  degradation. 

Many  scientists  believe  increased 
use  of  fertilizers  and  pesticides  and 
other  new  technology  has  slowly 
damaged  soils  to  the  point  where 
increased  application  of  advanced 
technology  will  no  longer  hide  the 
negative  effects.  In  their  opinions, 
the  effects  of  soil  quality  degradation 
may  be  irreversible. 

Erosion  is  by  far  the  most  serious 


threat  to  soil  productivity.  This  is  the 
detachment,  movement,  and  wearing 
away  of  land  surface  by  moving  wa- 
ter, wind,  ice,  or  geological  agents. 
Cropland  is  affected  mainly  by  water 
and  wind  erosion. 

Water  erosion  can  be  classified  into 
four  major  types:  sheet  erosioniusu- 
ally  undetectable  by  the  human  eye), 
where  thin,  uniform  layers  of  soil  are 
removed  from  the  land  surface;  rill 
erosion,  where  small  channels  cut 
into  the  land  surface  a  few  inches 
deep;  gully  erosion,  where  deep, 
narrow  channels  form  and  soil  is  re- 
moved to  depths  ranging  from  one 
foot  to  100  feet;  and  stream  bank  ero- 
sion, where  the  force  of  water  in  de- 
fined waterways  removes  soil  from 
the  banks  of  the  waterway  or  stream. 
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Wind  erosion  is  a  major  problem  in  low  rainfall  areas  of  the  West.  The 
most  serious  damage  occurs  in  the  Great  Plains. 


The  two  types  of  water  erosion  that 
affect  productivity  most  are  sheet 
and  rill. 

Wind  erosion  is  a  major  problem 
in  low  rainfall  areas  with  high  wind 
velocities.  The  most  serious  wind 
erosion  occurs  in  the  Great  Plains 
States. 

Geological  forces,  such  as  the 
eruption  of  Mount  St.  Helens,  also 
produce  erosion.  Dramatic  though 
instances  of  this  may  be,  geological 
erosion  is  not  a  major  threat  to  soil 
productivity.  That  is  fortunate  since 
man  cannot  control  it.  Water  and 
wind  erosion,  on  the  other  hand, 
are  largely  controllable. 

Unacceptable  Erosion 

The  U.S.  Department  of  Agriculture 


(USD A)  estimates  that  more  than 
a  third  of  the  cropland  in  the  Nation 
is  eroding  at  an  unacceptable  rate. 

An  acceptable  rate  is  one  that  can 
be  tolerated  indefinitely  without  re- 
ducing production.  For  most  cropland 
soils,  this  annual  rate  ranges  from 
3  to  5  tons  per  acre.  In  this  range, 
1  inch  of  topsoil  is  lost  every  30  to 
50  years. 

The  1977  National  Resource  Inven- 
tory conducted  by  USDA  estimated 
the  average  annual  sheet  and  rill 
erosion  rate  for  all  cropland  at  4.7 
tons  per  acre.  This  soil  loss  ranged 
from  less  than  1  ton  per  acre  to  over 
40  tons. 

More  than  35  percent  of  cropland 
in  the  Corn  Belt,  the  Delta  States, 
the  Appalachian  States,  and  the 
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Southeastern  States  has  annual  ero- 
sion rates  exceeding  5  tons  per  acre. 

Erosion  affects  productivity  in  a 
major  way  because  it  removes  sur- 
face layers  which  contain  most  of  the 
organic  matter,  fine  soil  particles, 
and  plant  nutrients.  Thus,  erosion 
decreases  the  water-holding  capacity, 
nutrient  content,  and  tilth.  (Tilth,  or 
workability,  is  the  physical  condition 
of  soil  that  relates  to  its  ease  of 
tillage  and  cultivation,  and  to 
its  fitness  as  a  seedbed.) 

Some  studies  conducted  by  USDA 
under  the  Soil  and  Water  Conserva- 
tion Act  of  1977  indicate  that  loss  of 
an  inch  of  topsoil  may  reduce  future 
corn  yields  by  3  to  4  bushels  per  acre. 
A  similar  study  in  the  Southern 
Piedmont  indicates  that  a  6-inch  re- 
duction in  topsoil  may  have  reduced 
average  crop  yields  by  41  percent. 
More  sophisticated  studies  are  un- 
derway to  determine  the  correlation 
between  soil  loss  and  productivity  by 
isolating  soil  loss  as  the  only  variable 
in  experiments. 

Effects  of  erosion  upon  productivity 
depend  on  the  kind  of  soil  and  soil 
depth  in  a  given  area.  In  areas  where 
the  topsoil  is  only  10  to  15  inches 
deep,  the  loss  of  6  inches  of  topsoil 
may  reduce  yields  by  20  to  42  per- 
cent. In  other  areas  where  the  topsoil 
is  15  to  24  inches  deep,  the  loss  of  6 
inches  may  reduce  yields  only  2  to  3 
percent. 

Reservoirs  Affected 

Besides  the  loss  of  productivity,  gul- 
lys  from  erosion  may  limit  equip- 
ment operations  by  making  parts  of 
the  field  difficult  or  impossible  to 
reach.  Also,  soil  removed  from  the 
field  is  deposited  in  streams,  lakes, 
rivers,  road  ditches,  and  on  top  of 
other  cropland. 


Runoff  water  from  a  single  storm 
caused  this  shoulder-high  gully 
on  a  farm  in  Alabama.  Gullys 
not  only  reduce  soil  producitivity 
but  also  seriously  limit  farm 
equipment  operation. 


Fish,  wildlife,  and  reservoir  capac- 
ity are  affected,  and  millions  of  dol- 
lars are  spent  annually  to  dredge 
harbors  and  ship  channels  to  clear 
them  of  silt.  Nutrients  and  pesticides 
that  are  beneficial  on  the  land  be- 
come pollutants  when  attached  to 
sediment  and  carried  into  water 
bodies. 

In  determining  which  measures  to 
apply  in  a  given  location,  one  needs 
to  know  the  factors  controlling  the 
erosion  rate.  These  include  physical 
and  chemical  properties  of  the  soil 
(texture,  structure,  organic  matter 
content,  and  porosity),  length  and 
percent  of  slope,  intensity  of  rainfall, 
wind  intensities,  surface  cover,  and 
management. 

Soils  with  a  large  percentage  of  silt 
are  subject  to  high  rates  of  water  ero- 
sion. Coarse-textured  soils  and  those 
with  a  high  content  of  organic  matter 
are  less  erodible. 

Plants  or  crop  residues  covering 
the  soil  surface  (vegetative  cover) 
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Conservation  practices  such  as 
strip  cropping  and  contouring 
greatly  reduce  the  threat  of  soil 
erosion  by  slowing  down  runoff 
water  from  rainstorms. 


protect  soil  from  erosion  by  making  it 
more  difficult  for  wind  and  water  to 
reach  the  soil  to  detach  and  remove 
soil  particles.  Vegetative  cover  re- 
duces the  rate  of  runoff  and  increases 
infiltration. 

Following  are  some  proven  erosion 
control  measures: 

Tkrraces  are  ridges  built  across 
sloping  fields  at  right  angles  to  the 
slope,  to  reduce  the  length  of  the 
slope.  Strip  cropping  is  planting  sod 
crops  (clover,  for  example)  which  pro- 
tect the  soil,  in  alternating  strips 
with  row  crops,  which  offer  less  pro- 
tection. Contour  tillage  is  tilling  the 
soil  and  planting  the  crops  across  the 
slopes  and  on  the  contour,  rather 
than  up  and  down  the  slopes. 

Conservation  tillage  leaves  residue 
of  a  previous  crop  on  the  field  when 
a  new  one  is  planted.  The  residue 
shields  the  soil  from  wind  and  rain, 
acts  as  a  mulch  to  reduce  evapora- 
tion, and  eventually  decays  and  is 
incorporated  into  the  soil,  increasing 
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Salt  accumulation  in  the  soil  — 
which  has  killed  the  plants  in  this 
California  field  —  is  a  serious 
problem  in  many  irrigated  areas, 
especially  the  West.  An  estimated 
20,000  acres  are  damaged 
each  year. 

its  organic  matter  content. 

Wind  breaks  (or  shelterbelts)  are 
trees  or  shrubs  planted  in  long  strips 
to  shelter  fields  and  farmsteads  from 
wind.  Diversions  are  ditches  con- 
structed across  the  slope  to  slow 
down  and  divert  the  flow  of  water 
and  to  reduce  the  length  of  the  slope. 

Land  use  change  means  taking 
highly  erodible  or  erosion-damaged 
soils  out  of  cultivation  and  planting 
them  in  grass  or  other  close-grown, 
noncultivated  vegetation.  They  can 
still  contribute  to  food  production  by 
growing  hay  or  providing  pasture 
for  animals. 

Salinity,  Alkalinization 

Some  of  the  highest  crop  yields  are 
produced  with  irrigation.  Irrigation 
allows  farmers  to  apply  water 
whenever  it  is  needed  to  maintain 
plant  growth.  Most  fresh  vegetables 
produced  in  the  United  States  are 
grown  under  irrigation. 
But  irrigation  can  lead  to  accumu- 
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lation  of  salts  in  the  soil.  When  the 
cations  of  calcium,  magnesium,  and 
sodium  and  the  anions  of  sulfate, 
chloride,  and  bicarbonate  have  ac- 
cumulated in  the  soil,  a  saline  condi- 
tion exists.  When  the  dissolved  salts 
form  soda  or  highly  alkaline  com- 
pounds, an  alkaline  condition  exists. 
Between  150,000  to  200,000  acres 
of  cropland  have  been  eliminated 
from  production,  or  have  had  produc- 
tion significantly  reduced,  by  salt 
problems.  An  estimated  20,000  addi- 
tional acres  are  being  damaged  each 
year.  The  major  salt  accumulation 
problems  are  in  arid  and  semiarid 
portions  of  the  11  Western  States. 

Other  Changes 

Fertility  is  the  quality  of  a  soil  that 
enables  it  to  provide  nutrients  in 
adequate  amounts  and  in  the  proper 
balance  for  the  growth  of  specific 
plants,  when  other  growth  factors— 
such  as  light,  moisture,  temperature, 
and  soil  physical  condition— are 
favorable. 

Soil  structure  is  the  combination  or 
arrangement  of  primary  soil  parti- 
cles into  secondary  particles.  Shape, 
degree  of  distinctness,  and  size  of  soil 
particles  are  considered  in  defining 
the  structure. 

Soil  organic  matter  can  be  removed 
by  erosion  or  by  oxidation.  Most  of 
the  organic  matter,  which  is  decom- 
posed plant  and  animal  residues,  is 
located  in  top  layers  of  soil.  Surface 
erosion  by  wind  and  water  removes 
the  surface  layer  and,  therefore, 
organic  matter. 

Deterioration  of  soil  structure  and 
tilth  can  be  caused  by  a  number  of 
things,  including  loss  of  organic  mat- 
ter, tilling  the  soil  under  wet  condi- 
tions, and  using  heavy  equipment 


where  weight  of  the  equipment  is  not 
properly  dispersed  on  large  tracks 
or  tires. 

Deterioration  of  tilth  and  structure 
can  lead  to  reduced  water  infiltration 
and  water-holding  capacity,  reduced 
natural  fertility,  and  increased  ero- 
sion rates.  If  measures  are  not  taken 
to  restore  the  soil  to  its  proper  struc- 
ture, tilth,  and  organic  matter,  their 
loss  will  have  a  snowball  effect.  Soil 
fertility  and  the  infiltration  rate  will 
decrease,  and  organic  matter  content 
will  decrease  even  more. 

As  a  result,  water  runoff  and  ero- 
sion will  increase.  The  erosion  will 
remove  still  more  organic  matter  and 
further  decrease  fertility,  thereby 
compounding  the  existing  problem. 

Corrective  Steps 

Soil  tilth,  structure,  fertility,  and  or- 
ganic matter  content  of  the  soil  can 
be  improved  through  corrective  man- 
agement practices.  These  include: 

■  Increasing  sod  crops  in  the 
rotation 

■  Using  cover  crops  to  reduce 
erosion  and  add  organic  matter 

■  Avoiding  tillage  of  the  soil  when 
it  is  wet 

9  Decreasing  the  size  of  equip- 
ment used,  or  increasing  its  wheel  or 
track  size 

■  Using  conservation  tillage 

■  Applying  needed  lime  and  fer- 
tilizer to  keep  fertility  high 

■  Providing  needed  drainage 

■  Using  pesticides  judiciously 
and  in  accordance  with  the  manufac- 
turer's instructions 

Pesticides,  such  as  insecticides, 
herbicides,  and  fungicides,  are  chem- 
ical agents,  used  to  control  specific 
organisms.  Their  use  has  enabled 
farmers  to  increase  yields  and  reduce 
crop  damage.  However,  some  scien- 
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tists  suspect  that  the  long-term 
use  of  these  chemicals  has  a  detri- 
mental effect  on  the  soil's  productive 
capability. 

Additional  research  is  needed  to 
determine  what  effects  pesticides 
have  on  soil  micro-organisms,  earth- 
worms, natural  vegetation,  cover 
crops,  soil  organic  matter,  structure, 
and  tilth.  Research  is  also  needed  to 
determine  the  long-term  effects  of 
pesticide  buildup  in  soil. 

Sludge,  Acid  Rain 

Currently,  25  percent  of  the  sludge 
produced  by  sewage  treatment  plants 
is  applied  to  land,  some  of  which  is 
used  for  crop  production.  Effects  on 
productivity  as  a  result  of  applying 
sludge  to  cropland  are  not  clear.  The 
major  soil  pollution  potential  is 
heavy  metals. 

Heavy  metals  such  as  manganese, 
iron,  aluminum,  chromium,  arsenic, 
selenium,  antimony,  lead,  and 
mercury  are  often  found  in  sludge 
but  pose  minimal  hazards  to  plant 
growth.  However,  some  of  the  heavy 
metals  that  are  listed  (arsenic, 
selenium,  lead,  and  mercury)  and 
others  such  as  cadmium,  copper, 
molybdenum,  nickel,  and  zinc  can 
accumulate  in  plants  and  may  pose 
a  hazard  to  people  and  livestock 
eating  them. 

Use  of  fossil  fuels,  such  as  coal  and 
oil,  releases  an  estimated  150  million 
metric  tons  of  the  oxides  of  nitrogen 
and  sulfur  into  the  atmosphere  each 
year.  Complex  chemical  reactions  can 
convert  an  unknown  percentage  of 
these  pollutants  to  acids  that  are 
then  returned  to  the  earth  as  acid 
snow  or  rain. 

Most  studies  of  "acid  rain"  deal 
with  its  effect  on  lakes,  streams,  and 


aquatic  life.  There  is  some  evidence 
that  acid  rain  has  a  negative  effect 
on  plants. 

In  areas  having  acid  soils,  acid 
rain  may  intensify  the  soil  acidity 
problem.  Together,  these  may  reduce 
productivity  in  areas  where  acid  rain 
occurs— principally  in  the  Northeast 
United  States.  However,  the  sus- 
pected correlation  between  acid  rain 
and  productivity  has  not  yet  been 
documented. 

Summation 

To  sum  up,  the  United  States  must 
maintain  high-quality  soil  resources 
if  the  Nation  is  to  produce  adequate 
food  for  home  and  export. 

Increased  erosion,  salinity  and 
alkalinity,  and  pesticide  residue 
buildup  are  unintended  side  effects 
of  our  highly  productive,  intensive 
agricultural  system. 

Clearly  the  major  degradations  are 
soil  erosion  and  salt  buildups,  and 
much  is  known  about  correcting 
these  problems.  But  we  need  to  know 
a  great  deal  more  about  the  effects 
of  pesticides,  other  chemicals,  and 
heavy  metals  upon  soils  and  plant 
growth,  and  to  develop  ways  to 
combat  any  adverse  effects. 

Existing  information  indicates  that 
some  steps  to  control  soil  degradation 
are  not  cost-effective  in  the  short 
term.  We  need  to  identify  those  ben- 
efits to  society  that  result  from  cor- 
recting soil  degradation,  and  to 
develop  research  and  cost-sharing 
programs  to  assist  landowners  in 
applying  the  most  efficient  and 
effective  measures. 


Lloyd  E.  Wright  is  a  Land  Use  Planner 
with  Soil  Conservation  Service. 


147 


Whoa  There!  Let's  Smarten  Up  on  Land  Use 

By  Howard  C.  tlankersley 


The  United  States  has  about  1.36 
billion  acres  of  nonfederal  agricul- 
tural lands.  Of  these,  413  million 
acres  are  cropland,  414  million 
rangeland,  376  million  forest  land, 
133  million  pastureland,  and  23  mil- 
lion in  other  farm  uses.  More  than 
99  percent  of  this  land  is  privately 
owned;  the  remainder  is  owned  by 
State  and  local  governments. 

For  generations  this  land,  together 
with  our  public  rangelands,  has  met 
our  needs  for  domestic  consumption 
and  foreign  trade  in  food,  fiber,  wood, 
and  other  agricultural  products.  The 
question  important  to  every  Ameri- 
can and  to  millions  of  people  in  other 
regions  of  the  world,  however,  is 
whether  it  will  meet  those  needs  in 
the  future.  The  world  population  is 
expected  to  increase  30  to  50  percent 
to  an  estimated  6.2  billion  by  the 
year  2000  and  to  nearly  7  billion  by 
the  year  2030. 

Compounding  the  question  as  to 
our  Nation's  ability  to  produce 
adequate  supplies  of  food,  fiber,  and 
wood  are  uncertainties  about  possi- 
ble needs  we  will  face  to  produce 
other  kinds  of  commodities.  These  in- 
clude biomass  for  energy  production 
and  a  range  of  agriculturally  pro- 
duced strategic  and  essential  indus- 
trial materials  now  imported. 

Demands  and  the  Supply 

According  to  assessments  undertak- 
en implementing  the  Soil  and  Water 
Resources  Act  of  1977,  by  the  year 
2030  the  United  States  will  need  to 


produce  about  462  million  acres  of 
crops  to  meet  domestic  consumption 
and  foreign  trade  requirements.  This 
figure  is  based  on  assumptions  that 
foreign  trade  will  not  exceed  the 
1975-1977  level,  that  productivity  per 
acre  will  continue  to  increase  at 
1.1  percent  per  year  as  a  result  of 
technological  advances,  and  that  our 
most  productive  land  will  continue  to 
be  used  for  agricultural  production. 

In  addition  to  the  413  million  acres 
of  cropland,  the  Nation  has  about  127 
million  acres  of  land  that  could  be 
converted  from  present  uses  to  crop- 
land. These  540  million  acres  are 
considered  to  be  the  U.S.  cropland 
base— the  total  acreage  of  land  that 
can  be  used  for  crop  production  with- 
out incurring  unreasonable  produc- 
tion costs  or  inducing  devastating 
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America's  farmland  has  sustained  us  and  helped  feed  many  foreign  countries  for 
generations.  But  a  key  question  is  how  long  can  we  continue  functioning  as  breadbasket 
to  the  world  faced  with  a  shrinking  farmland  base  and  growing  world  population. 


levels  of  soil  erosion.  However,  nearly 
all  the  127  million  acres  are  already 
being  used  to  produce  other  agricul- 
tural products  such  as  timber  and  red 
meat.  Any  shift  of  those  acres  to  crop 
production  will  mean  a  decrease  in 
these  products. 

At  the  same  time,  the  National 
Agricultural  Lands  Study  shows  that 
about  a  million  acres  of  these  lands 
are  being  converted  annually  to  uses 
other  than  agricultural  production. 
At  that  rate,  we  will  lose  about  50 
million  acres  of  our  current  cropland 
base  by  the  year  2030,  leaving  us  a 
base  of  about  490  million  acres.  This 
should  be  sufficient  to  produce  food 
and  fiber  to  meet  domestic  consump- 
tion and  foreign  trade  requirements 
at  that  time — if  productivity  in- 
creases by  1.1  percent  per  year.  If  it 


should  increase  at  a  lesser  rate,  we 
will  be  short  of  cropland. 

More  than  the  540  million  acres  of 
land  could  be  used  for  crop  produc- 
tion in  the  short  term.  But  to  use 
fragile  and  marginal  lands  for  that 
purpose,  the  United  States  must  be 
willing  to  incur  losses  of  other  prod- 
ucts, to  pay  much  higher  prices  for 
food  and  fiber,  and  to  accommodate 
severe  degradation  of  our  natural  re- 
sources. We  would  have  to  eliminate 
some  hardwood  forests,  drain  large 
areas  of  wetlands,  and  live  with  high 
levels  of  erosion  on  fragile  and  mar- 
ginal soils. 

The  costs:  decreased  timber  or 
wood  production;  decreased  seafood 
production  and  marine  life;  decreased 
wildlife  habitat;  increased  stream 
siltation  and  surface  water  pollution; 
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degradation  of  the  underground 
water  supply;  higher  outlays  for  flood 
control  and  rehabilitation;  increased 
expenditures  for  dredging  and  other 
means  of  mitigating  downstream 
siltation;  and,  eventually,  decreased 
productivity  of  our  agricultural  land 
base. 

Strategic  Materials 

Furthermore,  the  United  States  de- 
pends on  other  nations  for  many  in- 
dustrial materials  and  manufactured 
products  important  to  U.S.  industry. 
Some  of  these,  such  as  natural  rub- 
ber, sperm  whale  oil,  and  castor  oil, 
are  classified  by  law  as  being 
"strategic"  —  meaning  critical  to  de- 
fense. Others,  called  "essential,"  are 
required  by  industry  to  continue 
manufacturing  those  things  we  all 
depend  upon  from  day  to  day. 

According  to  scientists  at  the  Ag- 
ricultural Research  Service  Regional 
Laboratory  at  Peoria,  111.,  many  of 
these  materials  can  be  produced 
from  plants  that  can  be  grown  in  the 
United  States.  In  addition,  farm-pro- 
duced biosynthetic  hydrocarbons 
from  vegetable  and  seed  oils  can  re- 
place imported  oil  used  in  manufac- 
turing plastics,  synthetic  fibers,  in- 
dustrial coatings,  printing  ink, 
lubricants,  adhesives,  and  waxes. 
The  United  States  spends  an  esti- 
mated $27  billion  annually  to  im- 
port such  products.  An  additional  $8 
to  $9  billion  is  for  importing  petro- 
leum feedstocks  used  in  manufactur- 
ing industrial  materials. 

Technically,  it  is  now  possible  to 
substitute  U.S. -grown  products  for  a 
large  portion  of  our  imported  mate- 
rials and  to  replace  an  estimated  238 
million  barrels  of  oil  used  in  the  pe- 
trochemicals industry  every  year. 
Should  the  prices  of  imports  increase 


and  should  the  political  and  economic 
stability  of  supplying  nations  erode, 
we  may  have  to  produce  these 
materials  at  home. 

Domestic  production  of  between 
one-third  and  one-half  of  these  mate- 
rials in  the  year  2030  would  require 
an  estimated  60  million  acres  of 
crops  in  addition  to  the  462  million 
acres  for  food  and  fiber.  This  level  of 
production  would  assure  the  United 
States  of  supplies.  It  also  would  pro- 
vide needed  leverage  in  the  world 
market  and  reduce  competition 
among  free  nations  for  the  world's 
limited  supply  of  these  materials. 

The  United  States  has  also  found 
itself  dependent  on  other  nations  for 
oil,  our  major  source  of  energy.  Much 
attention  has  been  given  to  how  we 
can  become  more  self-sufficient.  One 
strategy  is  the  production  of  biomass 
for  fuel.  If  the  United  States  is  to 
produce  energy  from  biomass  equal 
to  10  percent  of  our  gasoline  needs, 
between  60  and  80  million  acres  of 
cropland  will  have  to  be  devoted 
to  that  purpose. 

Some  Tradeoffs 

Given  these  needs,  the  total  potential 
demand  for  cropland  in  the  United 
States  by  the  year  2030  may  be  cal- 
culated to  range  from  462  million  to 
602  million  acres.  Even  if  conditions 
require  that  we  use  only  462  million 
acres  of  our  agricultural  land  to 
produce  crops,  we  will  be  forced  to 
make  some  tradeoffs. 

If  we  can  reduce  the  rate  of  conver- 
sion of  agricultural  lands  to  other 
uses  by  half  during  the  next  50 
years,  we  will  have  about  396  million 
acres  of  cropland  in  the  year  2030. 
This  means  the  Nation  would  need  to 
convert  66  million  acres  of  forest 
land,  rangeland,  pastureland,  and 
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other  farmland  to  crop  production. 

Should  conditions  require  that  the 
Nation  use  582  million  acres  for  crop 
production  in  2030,  all  cropland  and 
all  potential  cropland  would  be  in  use 
and  about  134  million  acres  of  mar- 
ginal or  fragile  land  would  be 
cropped.  At  the  same  time,  the  Na- 
tion would  be  producing  less  wood 
or  timber,  less  range  forage,  and 
less  pasture  grass.  The  Nation 
would  be  trading  off  meat,  wood  or 
timber,  and  dairy  products  for  crops. 

Demand  for  wood  in  the  United 
States  is  expected  to  increase  sig- 
nificantly. For  instance,  annual 
lumber  consumption  is  expected  to  go 
from  47  billion  board  feet  in  1977 
to  61  billion  in  1990,  a  30  percent 
increase  in  13  years. 

Expected  plywood  demand  follows 
a  similar  pattern,  rising  from  22  bil- 
lion board  feet  in  1977  to  31  billion 
in  1990.  Particle  board,  hardboard, 
and  insulation  demand  is  expected 
to  go  from  13  billion  board  feet  in 
1976  to  37  billion  in  2030.  Pulpwood 
demand  is  expected  to  increase  from 
75  million  cords  in  1977  to  105  mil- 
lion in  1990. 

About  58  percent  of  the  Nation's 
commercial  timberland  is  privately 
owned,  and  that  is  where  the  great- 
est potential  for  increased  production 
exists.  The  problem  is,  these  are  the 
lands  from  which  about  31  million 
acres  that  might  be  converted  to 
cropland  would  come.  If  converted 
to  cropland,  the  Nation's  ability 
to  meet  its  demand  for  forest  products 
will  be  impaired.  That  is  the  trade- 
off— forest  products  for  food,  fiber, 
and  other  commodities. 

Milk  and  Meat— or  Cereal 

Another  problem  in  converting  all 
the  potential  croplands  to  crop  pro- 


duction is  the  need  to  retain  a  highly 
productive  portion  of  the  agricultural 
land  base  for  forage.  About  64  per- 
cent of  the  Nation's  rangeland  and 
nearly  all  the  pastureland  are  pri- 
vately owned.  Private  rangeland  ac- 
counts for  about  80  percent  of  the 
production  of  livestock  from  grazing. 

Demand  for  range  forage  is  closely 
related  to  the  Nation's  demand  for 
red  meat  and  the  availability  of 
cost-competitive  livestock  feeds  from 
other  sources.  Studies  undertaken  in 
implementing  the  Resources  Protec- 
tion Act  suggest  that  rising  energy 
costs  and  increased  demand  for  grain 
for  human  consumption  will  make 
range  and  pasture  forage  more 
economical  livestock  feed  than  feed 
grains  and  harvested  forage  (hay). 

This  is  another  tradeoff.  We  will 
have  to  reduce  the  amounts  of  milk 
and  meat  in  our  diet  and  replace 
them  with  cereals  or  other  foodstuffs. 
About  39  million  acres  of  the  lands 
that  can  be  converted  to  crop  produc- 
tion would  come  from  our  best  range- 
lands,  and  about  51  million  acres 
would  come  from  pasturelands. 

Studies  have  shown  that  commer- 
cial cattle  ranches  in  New  Mexico 
and  Colorado  produce  between  9  and 
14  pounds  of  beef  per  acre  per  year. 
At  these  rates,  conversion  of  39  mil- 
lion acres  of  range  to  crop  production 
will  reduce  beef  production  by  an 
amount  equal  to  the  current  annual 
consumption  of  beef  by  between  2.6 
to  4.1  million  Americans. 

The  51  million  acres  of  pastureland 
are  more  than  38  percent  of  total 
U.S.  pastureland.  If  we  convert  them 
to  crop  production,  we  will  have  to 
feed  dairy  cows  more  grain.  This 
means  we  will  have  to  pay  signifi- 
cantly higher  prices  for  milk  or  use 
alternative  products  in  our  diet. 
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If  we  are  to  expand  cropland  acreage,  much  of  it  will  come  out  of 
existing  pasture,  range,  and  woodland.  Yet  this  land  is  essential  in 
producing  red  meat,  milk,  and  timber. 


If  estuaries  and  wetlands  are  drained  and  filled  for  crop  production 
the  result  would  be  a  serious  reduction  in  seafood  yield  and  habitat 
for  waterfowl. 
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Seafood,  Wildlife— or  Crops 

Between  1954  and  1978,  an  estimated 
100,000  acres  of  wetlands  were  lost 
annually  — about  36  percent  of  the 
total  U.S.  wetlands.  They  were  con- 
verted to  farming  and  other  uses,  not 
by  massive  Federal  projects  but  by 
individuals  making  thousands  of 
small  changes  in  these  lands.  Of  par- 
ticular concern  are  those  in  coastal 
areas  which  directly  support  U.S. 
fisheries,  and  those  further  inland 
but  which  provide  flood  control, 
habitat  for  wildlife,  and  other 
benefits. 

In  1969,  60  percent  of  the  U.S. 
population  lived  in  coastal  zones.  By 
1990,  it  is  expected  that  about  75 
percent  of  the  population  will  live  in 
these  areas.  They  are  the  areas  that 
provide  food  and  shelter  for  water- 
fowl and  for  fish,  crustaceans,  and 
mollusks  that  are  utilized  by  an  es- 
timated two-thirds  of  the  world's 
fisheries. 


According  to  marine  biologists, 
some  60  to  80  percent  of  commercial 
marine  fisheries  species  depend  upon 
estuarine  zones  during  part  or  all  of 
their  life  cycles.  These  zones  include 
estuaries,  defined  as  semi-enclosed 
bodies  of  water  such  as  bays,  lagoons, 
or  mouths  of  rivers  where  seawater 
mixes  with  fresh  water;  coastal  wet- 
lands; shallows;  and  coral  reefs. 

The  estuarine  zones  are  critically 
important  to  global  food  supplies. 
They  sustain  a  food  chain  that  ex- 
tends upwards  through  the  food  cycle 
and  ultimately  supports  diverse 
species  of  edible  fish,  waterfowl, 
and  people. 

Further  inland  are  wetlands  that 
have  a  different  function.  They  pro- 
vide wildlife  habitat  and  feed  for  a 
variety  of  migratory  waterfowl  and 
other  animals  native  to  these  areas. 
They  also  provide  freshwater  fishing 
and  natural  flood  control  by  absorb- 
ing runoff  from  heavy  rains  or  winter 
snows  and  releasing  it  gradually  into 
the  streams  they  feed.  They  prevent 
downstream  siltation  by  serving  as 
catch  basins,  thus  protecting  our 
streams  and  estuaries. 

Spoiling  of  estuaries  and  other 
wetlands  by  conversion  to  farming  or 
by  pollution  from  chemicals  or  silta- 
tion decreases  their  productivity  and 
that  of  the  fisheries  they  support. 
Our  shellfisheries,  one  indicator  of 
the  health  of  coastal  ecosystems, 
have  shown  steady  declines. 

Oyster  harvests  have  dropped  from 
90  million  pounds  in  1929  to  an  aver- 
age landing  of  54  million  pounds  in 
the  1970's.  Clam  harvests  peaked  in 
the  1950's,  were  stable  until  1975, 
and  have  since  declined.  Yet  in  1976 
a  total  of  6  billion  pounds  of  fish  and 
shellfish  was  harvested  by  U.S. 
operators.  This  $5.5  billion  industry 
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employs  about  250,000  people  and 
provides  about  28  pounds  of  seafood 
for  every  American. 

Further  reductions  in  our  wetlands 
will  mean  more  cuts  in  seafood  yield 
for  the  United  States  and  for  much 
of  the  rest  of  the  world.  That  is  the 
tradeoff  if  we  convert  wetlands  to 
croplands. 

Four  Major  Choices 

The  people  of  the  United  States  even- 
tually will  have  to  make  at  least  four 
major  choices.  The  choices  will  be 
made  either  purposefully  as  a  prod- 
uct of  informed  discussion  and  deci- 
sion, or  they  will  be  made  by  default. 

The  first  choice  is  whether  to  allow 
unconstrained,  continued  conversion 
of  an  estimated  3  million  acres  of  ag- 
ricultural land  to  other  uses  each 
year.  About  1  million  of  these  are  our 
prime  farmlands— the  best  we  have.    , 
Crops  can  be  produced  at  least  cost      ■ 
and  with  the  least  effect  on  the  qual-  : 
ity  of  our  natural  resources  on  these    j 
lands. 

One  effect  of  these  conversions  is 
the  reduction  in  our  capacity  to  pro- 
duce agricultural  products.  Another 
effect  is  on  the  well-being  and  vital- 
ity of  our  large  and  small  cities, 
towns,  villages,  and  other  urbanized 
areas. 

In  July  1980,  a  report  titled 
"Compact  Cities:  Energy  Savings 
Strategies  for  the  Eighties"  was  is- 
sued by  the  Committee  on  Banking, 
Finance,  and  Urban  Affairs  of  the 
U.S.  House  of  Representatives.  The 
title  may  be  misleading.  Of  the  32 
recommendations  the  Committee 
makes  in  the  report,  21  deal  with  the 
inequities  and  costs  of  converting 
agricultural  land  to  urban  uses— 
housing,  commerce,  industry,  trans- 
portation, and  related  uses. 
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In  the  introduction,  the  report 
states  that  "Suburban  and  exurban 
sprawl  is  splattering  industrial,  re- 
tail, and  residential  development 
across  the  countryside.  It  is  both  a 
city  and  a  farm  problem.  It  is  sapping 
the  vitality  of  large  and  small  cities, 
devouring  farmland  at  a  dangerous 
rate,  and  wasting  energy  at  every 
turn.  It  makes  mass  transit  unfeasi- 
ble in  many  areas,  makes  commuters 
excessively  reliant  on  autos  that 
have  to  travel  greater  distances, 
leaves  in-city  facilities  underused, 
and  requires  duplication  of  these 
facilities  as  existing  communities 
are  abandoned." 
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Townhouses  rise  in  the  background  as  a  farmer  prepares  his  remaining 
land  for  a  corn  crop.  Each  year  an  estimated  3  million  acres  of  rural  land  are 
converted  to  non-agricultural  uses.  One  million  acres  is  prime  farmland. 


Unused  Urban  Land 

The  report  points  out  that  it  is  not 
necessary  to  use  agricultural  land  for 
urban  expansion  since  22  to  25  per- 
cent of  the  privately  owned  land  is 
vacant  in  our  central  cities  of  100,000 
population  or  more. 

Other  data  collected  for  the  study 
show  that  between  12  and  18  percent 
of  the  privately  owned  land  is  vacant 
in  towns  and  cities  of  between  2,500 
and  100,000  population.  If  the 
peripheral  boundaries  of  these  areas 
are  considered  (the  urbanized  area 
including  general  boundaries  of  the 
municipality  and  adjacent  urbanized 
areas),  this  percentage  will  more 


than  double  in  many  areas  of  the 
United  States. 

These  figures  become  even  larger 
when  one  considers  that  only  32  per- 
cent of  all  the  land  that  is  being  used 
in  urban  areas  is  devoted  to  housing, 
with  55  percent  devoted  to  streets 
and  other  public  uses. 

In  other  words,  with  today's  costs 
and  accompanying  trends  in  housing, 
the  Nation's  cities,  towns,  villages, 
and  other  urbanized  areas  could  pro- 
vide for  nearly  double  the  current 
population  without  expanding  their 
peripheral  boundaries.  The  report 
also  suggests  ways  of  causing  this 
to  happen. 
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The  public  choice  —  shall  we  con- 
tinue to  convert  agricultural  land  to 
urban  uses,  empty  out  our  cities  and 
towns,  duplicate  facilities  in  new 
areas,  and  decrease  our  agricultural 
production  capacity;  or  shall  we  de- 
velop compact  urbanized  areas  and 
retain  for  the  future  as  much  capac- 
ity as  we  have  now  to  produce  food, 
fiber,  wood,  and  any  other  agricul- 
tural products  we  may  need? 

Seafood  Vs  Soybeans 

A  second  public  choice  is  whether  to 
allow  continued  conversion  of  wet- 
lands to  farming  and  to  urban  uses  or 
whether  to  retain  them  to  support 
U.S.  and  worldwide  fisheries.  The 
underlying  presumption  is  that  we 
can  choose  to  eat  seafood  or  soybeans. 
If  we  choose  soybeans,  we  put  some 
percentage  of  the  250,000  people  who 
are  employed  in  the  U.S.  seafood 
harvest  out  of  business  and  reduce 
seafood  yields  in  two-thirds  of  the 
world's  fisheries. 

A  third  choice  the  people  of  the 
United  States  must  make  is  whether 
the  United  States  will  continue  to 
trade  food,  fiber,  and  forest  products 
on  the  international  market.  Today, 
agricultural  trade  pays  about  half 
our  oil  import  bill.  Can  the  United 
States  afford  not  to  trade  agricul- 
tural products? 

The  fourth  major  choice  will  be  be- 
tween continued  dependence  on  other 
nations  for  energy  and  a  range  of 
strategic  and  essential  industry 
materials,  or  a  conscious  movement 
toward  self-sufficiency  in  these 
products. 

None  of  these  choices  can  be 
made  in  isolation  from  the  others. 
Individual  preferences  will  be  deter- 
mined on  the  basis  of  beliefs  and  val- 
ues. The  final  resolution  must  be 


made  somewhere  between  the  ex- 
tremes of  those  who  would  allow  the 
market  to  make  all  determinations 
on  allocation  and  uses  of  resources, 
and  those  who  believe  that  the  future 
public  welfare  transcends  all  market 
effects. 

America's  citizens  and  policymak- 
ers must  become  aware  of  the  trends, 
the  tradeoffs,  and  the  major  choices 
now.  If  we  choose  to  be  prudent — yet 
another  public  choice— there  is  still 
a  little  time. 


Further  Reading: 

Agricultural  Land  Use  Shifts  and 
Cropland  Potential,  Thomas 
Schenarts,  available  from  Soil 
Conservation  Service,  USDA, 
Room  6117-S,  Washington,  DC 
20250.    Free. 

America's  Coasts  in  the  80's,  The 
Coast  Alliance,  Center  for  Environ- 
mental Education,  1925  K  Street, 
N.W.,  Washington,  DC  20006.     Free. 

Farmland  or  Wasteland:  A  Time  to 
Choose,  R.  Neil  Sampson,  Rodale 
Press,  33  E.  Minor  Street,  Emmaus, 
PA  18049.     $16.95. 

Land  and  Food:  The  Preservation  of 
U.S.  Farmland,  Charles  E.  Little, 
American  Land  Forum,  5410  Gros- 
venor  Lane,  Bethesda,  MD 
20814.     $3.75. 

National  Agricultural  Lands  Study  - 
Final  Report  1981,  #041-011-00062-9, 
for  sale  from  Superintendent  of 
Documents,  U.S.  Government  Print- 
ing Office,  Washington,  DC 
20402.    $4.75. 


Howard  C.  Thnkersley  is  Director  of 
Land  Use,  Soil  Conservation  Service. 
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The  Food  Mix  That  Keeps  Monica  Happy 

By  Olan  D.;Forker 


Marketing  links  the  farmers  who 
produce  food  and  the  millions  who 
consume  it.  If  efficiently  organized 
and  properly  functioning,  market- 
ing conveys  to  producers,  processors 
and  distributors  the  desires  and 
needs  of  consumers  throughout  this 
country,  and  in  fact  the  world. 

It  can  help  a  young  consumer  such 
as  Monica  have  some  variety  in  her 
diet  so  that  she  won't  have  to  eat 
hamburgers  again,  and  again,  and 
again.  But  it  will  provide  her  and  her 
family  hamburger  when  they  want 
hamburger. 

Monica  likes  variety.  If  she  or  her 
family  has  the  money,  and  the  mar- 
keting system  works  right,  she  will 
get  the  variety  she  wants  within  the 
ability  of  producers  and  marketers  to 
provide  it.  But  if  the  system  doesn't 
do  its  job,  Monica  might  not  even 
have  hamburgers.  She  might  have 
only  wheat  flour  or  beans.  Or  she 
might  have  only  those  items  that  a 
monopolistic  firm,  or  a  monopolistic 
governmental  agency,  might  want  or 
be  able  to  provide  for  her  and  the 
millions  like  her. 

An  efficient  marketing  system 
is  run  by  individuals  who  have  a 
consumer-oriented  philosophy  and  a 
desire  and  ability  to  shift  their  pro- 
ductive capacitywithin  resource  and 
financial  constraints,  to  satisfy  the 
ever-changing  needs  and  desires  of  a 
growing  U.S.  population  and  a  grow- 
ing and  changing  world  demand. 


Creativity 

In  many  cases,  consumers  know  what 
they  want  only  in  terms  of  what  is 
available.  It  is  the  responsibility  of 
the  producers,  processors  and  dis- 
tributors then  to  be  creative  and  to 
think  through  the  kinds  of  possible 
ways  they  might  provide  food  and 
services,  alter  their  production  capac- 
ity, develop  new  enterprises,  change 
their  product  form,  move  it  to  a  differ- 
ent location,  or  store  it  until  some 
later  time,  and  identify  consumer  de- 
sires for  quality,  variety,  and  services. 

The  marketing  process  may  begin 
from  the  consumer  end  or  the  pro- 
ducer end  of  the  channel.  But  mar- 
keting really  starts  with  Monica  the 
consumer,  not  with  the  producer. 
Economist  Adam  Smith  said  many 
years  ago  that  consumption  is  the 
sole  end  and  purpose  of  all  produc- 
tion. Consumption  is  also  the  sole 
end  and  purpose  of  all  marketing 
activities. 

An  estimated  7.2  million  workers 
are  directly  involved  in  marketing, 
manufacturing,  processing,  and 
distributing  food.  About  an  equal 
number  or  more  are  involved  indi- 
rectly in  transportation,  in  providing 
information  (for  example,  the  market 
news  service),  energy,  advertising 
and  promotion,  quality,  and  health 
inspection  by  government  agencies, 
and  the  many  other  services  needed 
to  provide  effective  communication 
on  supplies,  prices,  and  inventories. 
In  carrying  out  their  productive  or 
communicative  functions,  these 
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Carrots  are  sorted  by  hand  before 
packaging  at  a  processing  plant 
in  Lake  Gem,  Fla.  An  estimated 
7.2  million  workers  are  directly 
involved  in  marketing,  manu- 
facturing, processing,  and 
distributing  food. 

workers  add  value  to  the  food  items 
they  handle. 

In  1980  they  added  $183  billion  to 
the  food  domestically  produced  and 
consumed  in  the  United  States.  Thus 
over  two  thirds,  or  68  percent,  of  the 
total  value  paid  by  consumers  for 
domestically  produced  farm  foods 
($269  billion)  was  required  to  cover 
the  costs  of  the  services  involved 
in  marketing. 

The  Marketing  Tab 

Of  the  $183  billion  marketing  bill  in 
1980,  some  45  percent  was  for  direct 
labor  costs,  12  percent  for  packaging, 
8  percent  for  transportation  costs, 
and  5  percent  for  fuel  and  electricity 
in  processing.  Corporate  profits  be- 
fore taxes  accounted  for  5  percent  of 
the  marketing  bill,  while  25  percent 
of  the  marketing  bill  covered  a  large 
number  of  other  items  such  as  taxes, 


advertising  and  promotion,  and 
distribution  costs  other  than 
transportation. 

The  marketing  function  has  a 
communicative  dimension,  passing 
information  from  producers  to  con- 
sumers and  from  consumers  to  pro- 
ducers. It  has  a  productive  dimension 
which  requires  the  joining  of  labor 
and  capital  to  a  commodity  to  add 
value,  and  there  is  a  dimension  of 
competition  and  trade. 

Price  is  probably  the  primary 
means  of  communication  in  a  market 
economy.  Monica's  mother  paid  out 
perhaps  $1.99  a  pound  for  the  ham- 
burger her  father  was  grilling.  The 
reason  her  father  was  fixing  ham- 
burgers rather  than  steaks  might  be 
because  the  family  members  felt  that 
at  that  price,  hamburgers  were  a 
better  value. 

Their  neighbors  on  the  same  even- 
ing might  have  been  grilling  steaks 
because,  facing  the  same  price  situa- 
tion, steaks  seemed  a  better  value 
to  them. 

Chicken  or  Beef 

Such  comparative  statements  could 
be  made  about  all  the  food  items 
available  to  consumers  in  a  partic- 
ular community. 

If  the  price  of  chicken  increases  at 
a  slower  rate  than  the  price  of  beef, 
some  consumers,  but  not  all,  will  buy 
more  chicken  and  less  beef.  In  this 
way,  consumers  inform  those  in  the 
marketplace— the  processors,  dis- 
tributors, retailers,  and  producers  — 
that  for  the  prices  available  to  them 
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Chickens  destined  for  America's  dinner  tables  pass  through  this 
huge  processing  plant  where  in  minutes  they  are  killed,  dressed,  in- 
spected, cutup,  packaged  and  frozen.  How  many  chickens  these 
and  other  plants  produce  depend  in  large  part  on  consumer  demand 
for  chickens. 


at  that  time,  they  will  eat  more 
chicken  and  less  beef.  Thus,  produc- 
tion and  consumption  expands  and 
contracts  in  response  to  price 
changes  so  that  balances  occur. 

Consumers  have  indicated  to  mar- 
keters over  the  years  that  they  prefer 
some  hamburgers  with  additional 
services,  when  they  buy  it  at  a  fast 
food  market  rather  than  the  grocery 
store.  In  this  way  we  have  seen  de- 
velopment of  a  large  number  of  fast- 
food  chains  that  deliver  hamburgers 
and  many  other  items  to  consumers, 
with  many  services  added. 

Of  the  7.2  million  workers  in  food 
processing  and  distribution,  almost 
half  (50  percent)  are  involved  in 
serving  food  for  away-from-home 
consumption. 


Although  price  is  a  primary 
indicator,  it  is  not  the  only  means 
of  communication.  The  persons 
involved  in  distribution  have  to  de- 
scribe their  product  or  commodity  to 
potential  buyers.  They  inform  them 
of  availability  through  advertising 
and  other  forms  of  communication. 

The  Government  establishes 
grades  and  standards  to  make  the 
communication  process  simple  and 
efficient. 

Individual  proprietors  and  com- 
panies add  information  and  become 
more  explicit  in  describing  their 
goods  and  services.  Consumers  learn 
to  identify  products,  not  only  by  the 
contents  on  the  label,  but  also  by  the 
name  of  the  company  that  produces 
and  delivers  it  to  them. 
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A  Missouri  farmer  feeds  grain  to  his  beef  cattle  to  fatten  them  up. 
He  tries  hard  to  anticipate  consumer  demands.  If  he  thinks  it  will  be 
strong  for  beef  he  keeps  more  young  females  to  raise  more  calves. 
If  he  thinks  it  will  be  weak,  he  sends  more  of  his  breeding  stock  to 
market  now. 


Distributors  learn  by  experience 
and  from  market  research  that  con- 
sumers prefer  food  of  particular 
types,  prepared  and  packaged  in  dif- 
ferent ways.  This  information  is 
passed  back  through  the  system  to 
processors  and  producers,  if  the 
system  functions  as  it  should. 

Trial  and  Error 

Much  of  this  marketing  process 
evolves  through  experience  and  ex- 
perimentation or  by  trial  and  error. 
It  is  a  complex  process  and  involves 
many  institutions  and  institutional 
arrangements.  Individual  firms 
negotiate  with  each  other  on  inputs 
and  for  the  products  they  sell. 

To  facilitate  communication,  many 
formal  marketing  arrangements 


have  evolved  such  as  the  Futures 
Market,  Commodity  Exchanges, 
and  auctions. 

The  U.S.  Department  of  Agricul- 
ture issues  price  information  on  a 
daily  basis  for  many  commodities, 
both  at  wholesale  and  retail  levels. 
Private  companies  publish  informa- 
tion for  businessmen  to  inform  them 
of  the  going  prices  for  various  com- 
modities at  the  retail  and  wholesale 
level,  as  well  as  at  the  farm  level. 

Labor  and  capital  are  needed  to 
process,  distribute  and  store  food  and 
food  products,  and  provide  a  com- 
munication network.  Most  people 
realize  the  production  nature  of  food 
processing  and  distribution,  but  do 
not  view  the  Futures  Market  or 
Commodity  Exchanges  as  productive 
activities.  But  they  are. 
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Many  persons  are  involved  in  col- 
lecting and  disseminating  informa- 
tion and  in  making  buy  and  sell 
decisions.  It  is  this  process,  this  pro- 
duction yet  communication  activity, 
that  helps  determine  the  value  con- 
sumers in  the  long-run  are  willing  to 
pay  and/or  the  price  at  which  pro- 
ducers are  willing  to  produce  and 
sell.  Thus,  there  is  the  cost  of  com- 
munication as  well  as  a  cost  involved 
in  the  production  process  itself  in 
marketing  food. 

Farmer  Decisions 

Farmers  have  to  decide  how  much  of 
a  particular  item  to  produce.  They 
must  anticipate  the  kind  of  price 
they  might  be  able  to  receive  for  beef 
or  wheat  of  a  particular  quality. 

Based  on  their  price  expectations, 
farmers  commit  labor  and  capital  to 
the  production  process.  It  is  vital  that 
they  have  an  indication  of  the  desires 
of  consumers  so  they  can  make 
appropriate  production  decisions. 

Likewise,  those  individuals  who 
buy  the  farmer's  products  for  proc- 
essing and  distribution  must  have 
some  idea  as  to  what  is  available 
from  the  farm,  and  must  have  an  ex- 
pectation of  what  consumers  want 
and  how  much  they  are  willing  to 
pay.  The  margin  of  return  has  to 
cover  the  cost  of  their  time  and  effort 
and  provide  them  some  reasonable 
profit. 

Individuals  or  firms  that  are  crea- 
tive and  the  first  to  satisfy  changing 
consumer  demand  often  make  the 
most  profit.  In  a  market  economy,  the 
profit  incentive  is  essential  for  pro- 
ducers, processors  and  distributors  to 
make  a  decision  to  shift  resources,  or 
make  a  capital  investment  and  a 
human  investment  in  production. 

Someone  decided  once  that  it 


would  be  profitable  to  produce  beef, 
slaughter  it,  extrude  some  of  the 
meat  into  hamburger,  package  it  and 
deliver  it  to  the  grocery  store  where 
Monica's  mother  purchased  it.  When 
this  is  not  profitable  it  won't  be  done. 

Competition,  Trade 

If  a  marketing  activity  of  a  food  line 
is  very  profitable,  and  if  the  system 
is  competitive,  one  can  expect  an  ex- 
pansion in  production  volume  by  the 
firms  involved  or  by  new  entrants.  If 
it  is  unprofitable,  one  can  expect  con- 
traction or  elimination  of  firms. 

In  general,  the  U.S.  food  industry 
is  considered  competitive.  Consumers 
buy  the  foods  they  want.  Producers 
try  to  compete  against  each  other  to 
capture  as  big  a  share  of  the  approx- 
imately $345.7  billion  spent  by  con- 
sumers (about  20  percent  of  all 
personal  consumption  expenditures) 
on  all  food  and  beverages. 

If  the  system  is  competitive,  the 
communication  and  production  link 
between  consumers  and  producers  is 
probably  efficient.  If  it  is  not  — and 
there  is  some  evidence  of  monopolis- 
tic tendencies  in  facets  of  the  food 
industry— then  the  link  is  not  as 
efficient  as  it  could  be. 

An  important  element  of  com- 
petiton  in  the  U.S.  food  industry  is 
foreign  trade.  Many  food  items  are 
imported.  Some,  like  coffee  and 
cocoa,  are  not  grown  in  the  United 
States  and  must  be  imported  in  order 
to  be  available.  Other  items,  like 
cheese,  are  both  imported  and  pro- 
duced from  domestic  milk  supplies. 
The  availability  of  imported  food 
items  provides  competition  and  gives 
consumers  an  increased  number  of 
choices. 

Although  the  United  States  im- 
ports a  large  volume  of  food,  much 
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Consumers  find  thousands  of  food  products  on  grocery  shelves 
across  the  Nation.  These  products  originate  all  across  the  country 
and  the  world. 


more  is  exported.  This  country  is  a 
major  food  exporter  and  agricultural 
exports  contribute  heavily  to  the 
U.S.  trade  balance.  In  1980  the 
United  States  exported  $40.5  billion 
worth  of  agricultural  goods  and 
imported  $17.3  billion  worth. 

Exporters  and  importers  alike 
are  elements  of  the  vital  link  which 
connects  consumers  and  farmer 
producers. 

If  Monica  says  "What,  hamburgers 
again?"  she  is  voicing  a  desire  for 
variety.  For  her  and  consumers  like 
her  to  have  variety  in  the  food  avail- 
able to  them,  somebody  must  create 
that  variety. 

A  homemaker  or  cook  can  do  some 
of  this  by  buying  raw  staples  and 
then  grinding,  processing,  cooking, 
mixing,  and  blending.  Or  the  services 
can  be  provided  by  someone  else,  a 
person  or  a  business. 

When  a  business  firm  provides 
services  it  is  creating  value.  If  con- 
sumers see  value  in  having  someone 


else  do  some  of  the  processing  and 
preparation,  and  if  they  are  willing 
to  pay  a  person  enough  to  cover  costs 
and  provide  a  profit  incentive,  then 
value  has  been  created.  If  an  entre- 
preneur, producer  or  processor  pro- 
duces something  that  consumers 
don't  really  want,  then  true  value 
-has  not  been  created. 

Consumers'  desires  are  always 
changing  as  their  income  levels 
change,  as  their  experience  changes, 
as  they  are  exposed  to  new  and  differ- 
ent kinds  of  foods.  The  mix  of  foods 
and  services  that  consumers  actually 
see  each  day  in  the  supermarket  or 
at  the  roadside  stand  are  the  result  of 
a  continual  adjustment  process.  Hu- 
mans and  capital  are  employed  and 
products  created.  Consumers  buy 
some  and  not  others. 


Olan  D.  Forker  is  Chairman, 
Department  of  Agricultural  Economics, 
Cornell  University,  Ithaca,  N.Y. 
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^V  Heavens  Preserve  Us— or  at  Least  Our  Food 

&     By  R.E.  [Hardenburg  and  R.L.  JHandwerk 


Increased  production  of  food  alone 
does  not  solve  the  world  food  prob- 
lem. Food  must  be  preserved  or 
stored  in  an  edible,  nutritionally 
adequate  condition  until  it  can  be 
distributed  and  consumed  in  and  out 
of  season. 

Many  foods  required  for  good 
nutrition— such  as  fruits,  vegetables, 
meat,  poultry,  fish  and  the  dairy 
products— are  highly  perishable.  The 
processes  responsible  for  gradual 
deterioration  and  spoilage  are 
complicated  and  some  are  not  fully 
understood.  They  include  physical, 
chemical,  biological  and  micro- 
biological deterioration.  There  is 
destruction  by  insects  and  rodents, 
and  waste  from  just  not  getting 
food  to  market  on  time. 

Global  food  wastage  is  estimated  at 
25  to  40  percent,  with  highest  losses 
in  the  poorer  developing  countries. 
Overall  U.S.  food  losses  in  marketing 
were  estimated  at  $14  billion  in  1975. 

Are  such  huge  food  losses  inevita- 
ble? Or  are  there  better  ways  of 
handling  and  processing  to  reduce 
losses?  Fortunately,  we  have  the 
most  sophisticated  methods  and  sys- 
tems in  the  world  to  preserve  and 
protect  our  food  supply  from  the  en- 
vironment and  from  the  myriad  of 
insect  and  microbial  pests. 

Major  research  and  extension  ef- 
forts should  be  on  minimizing  food 
wastage  to  produce  a  significant  in- 
crease in  the  food  supply.  This  means 
developing  better  food  preservation 
to  extend  storability  and  maintain 
quality. 


Variety  of  Techniques 

Food  today  is  preserved  in  a  variety 
of  familiar  ways:  refrigeration,  con- 
ventional canning,  flash  freezing, 
freeze  drying,  dehydrating  and 
pickling. 

Dry  storage  at  ambient  tempera- 
ture is  adequate  for  relatively  stable 
commodities  like  cereal  grain  if  the 
bins  or  silos  are  fairly  airtight.  Pro- 
vision should  be  made  for  forced-air 
circulation  to  do  some  drying  and 
prevent  accumulation  of  moisture, 
spontaneous  heating,  and  spoilage 
due  to  microorganisms.  Fumigation 
facilities  to  control  insects  and  ro- 
dents are  desirable. 

Refrigeration  is  the  keystone  of  our 
quality  protection  system  for  perish- 
able foods.  Refrigeration  makes  it 
possible  for  even  perishable  foods  to 
be  shipped  long  distances  by  truck, 
train  or  ship.  Storage  life  is  dramat- 
ically increased  when  the  tempera- 
ture is  lowered  from  70°  to  80°  F.  to 
near  32°— from  a  few  days  to  several 
months  with  some  fruits  and  vegeta- 
bles. For  beef,  lamb,  pork,  chicken 
and  fish,  storage  life  at  30°  to  32°  F. 
varies  from  a  few  days  to  several 
weeks. 

Fresh  asparagus  will  keep  in  good 
condition  only  1  day  at  77°  F.  but  4 
days  at  50°  and  20  days  at  36°. 
Chilled  poultry  has  a  shelf  life  of 
only  1  day  at  70°,  3  days  at  50°  and 
18  days  at  32°. 

The  most  pronounced  increase  in 
storage  life,  however,  is  obtained 
when  products  are  frozen  and  stored 
at  low  temperaures.  At  -20°  E,  the 
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possible  storage  life  of  many  products 
is  1  to  2  years  without  significant 
changes  in  nutritional  and  sensory 
qualities. 

The  effect  of  low  temperature  is  to 
slow  down  or  stop  processes  con- 
tributing to  deterioration.  It  retards 
respiration  and  other  metabolic 
activity  of  living  products,  aging, 
ripening,  textural  and  color  change, 
moisture  loss  and  shriveling,  insect 
activity,  and  spoilage  due  to  invasion 
by  bacteria,  fungi,  and  yeasts. 

In  principle,  mechanical  refrigera- 
tion is  simple.  To  cool  a  product  to 
a  definite  temperature  and  hold  it 
there,  it  is  necessary  to  absorb  from 
it  the  surplus  heat  which  it  contains, 
then  to  protect  it  against  absorption 
of  additional  heat  from  outside 


Starting  in  the  Field 

Ideally,  refrigeration  or  the  cold 
chain  should  start  right  in  the  field 
for  crops  or  right  after  slaughter  for 
animals.  It  should  be  continuous 
during  storage  and  transport  and  in 
supermarkets  and  consumers'  homes. 
However,  this  can  be  economically 
feasible  only  in  countries  with  a  high 
standard  of  living. 

Fruits  and  vegetables  often  are 
precooled  to  rapidly  remove  field 
heat.  This  is  done  by  cold  air  blast, 
crushed  ice,  hydrocooling  using  cold 
water,  or  vacuum  cooling.  Vacuum 
cooling  is  widely  used  for  lettuce  and 
certain  other  leafy  vegetables. 

Meat  is  most  often  chilled  by  cold 
air  blast.  Milk  from  the  milking 


Top  photo:  Carrots  go  into  a 
vacuum  chamber  for  cooling 
before  shipment.  Vacuum  cooling 
is  widely  used  for  prolonging  the 
life  of  certain  fresh  vegetables. 

Directly  above:  These  peas  will 
be  frozen  to  1 8°  C.  (0°  F.)  in  2 
minutes  in  a  solution  of  table 
salt,  alcohol,  and  water.  The 
drum  will  then  be  drained  and 
the  peas  spun  dry  for  15 
seconds.  Researchers  are 
finding  that  vegetables  frozen  in 
a  liquid  freezant  require  25 
percent  less  energy  than  in 
conventional  air-blast  freezers. 

machines  flows  through  sanitary 
tubing  into  stainless  steel  tanks 
where  mechanical  refrigeration 
begins. 

Supermarket  display  refrigerators 
are  designed  to  merchandise  food. 
They  provide  some  refrigeration  as 
required  for  short-term  protection  of 
food  which  is  to  be  sold  within  1  to  3 
days. 

Suggested  display  case  tempera- 
tures are  35°  to  45°  F.  for  produce 
and  dairy  products,  28°  to  35°  F.  for 
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wrapped  meat,  and  0°  F.  or  below 
for  frozen  foods. 

Home  refrigerators  provide  tem- 
peratures higher  than  optimum  for 
extended  storage.  One  survey  showed 
a  range  from  30°  to  55°  P.,  with  37° 
to  43°  the  more  common  range.  The 
intent  is  to  provide  satisfactory 
temperatures  for  a  2-  to  7-day  period. 

Humidity  Control 

Control  of  relative  humidity  during 
storage  and  marketing  is  nearly  as 
important  as  control  of  temperature. 
Relative  humidity  not  only  affects 
moisture  loss  from  products,  as  evi- 
denced by  shriveling  or  shrinking, 
but  also  affects  the  activity  of  decay- 
causing  organisms. 

High  relative  humidity  of  90  to  95 
percent  is  recommended  for  storage 
of  many  high-moisture  products, 
such  as  chilled  meat  and  poultry, 
eggs  and  produce.  Dry  onions  and 
winter  squash  are  exceptions  and 
have  less  spoilage  at  much  lower  rel- 
ative humidity  —  about  75  percent. 


Some  other  products  that  keep  best 
at  low  relative  humidity  in  the  range 
of  50  to  65  percent  are  flour,  candy, 
and  dried  fruits. 

Food  packaging  helps  retard  de- 
terioration from  all  sources  that 
lower  product  quality.  Packaging 
should  provide  physical  protection  to 
prevent  product  crushing  and  to  pro- 
vide stacking  strength  for  normal 
handling.  Wood  boxes,  fiberboard 
cartons,  cans  and  jars  provide  this 
protection.  Apples  are  commonly 
packed  in  corrugated  boxes  with 
molded-pulp  trays  for  each  layer  of 
fruit  to  reduce  bruising  during  long- 
distance shipment. 

Many  films  (such  as  cellophane, 
polyethylene,  polypropylene, 
polyvinylidene  chloride,  polyester) 
have  been  created  to  meet  multiple 
needs  of  foods,  often  with  barrier 
coatings  or  laminated  to  other  films 
or  foil.  Some  film-foil  laminates  are 
3-  to  6-ply  sophisticated  packages 
providing  protection  from  light,  heat, 
moisture  and  oxygen  transfer.  It  is 


Plastic  film  for  individually 
quick-frozen  steaks  vastly 
improves  keeping  quality  of  the 
meat  by  cutting  freezer  burn, 
weight  loss,  and  discoloration. 


Individually-wrapped  heads  of 
iceberg  lettuce  reach 
supermarket  shelves  across  the 
Nation  all  year  round. 
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not  easy  to  develop  flexible  packag- 
ing to  extend  shelf  life  of  products 
such  as  bread,  nuts,  cheese,  chilled 
pickles,  dried  soup  mixes,  or  an  asep- 
tic carton  or  pouch  for  beef  stew  or 
seafood. 

The  food  industry  also  has  its  eye 
on  potential  energy-saving  packag- 
ing that  allows  shorter  processing 
times,  less  storage  space,  less  spoil- 
age, is  lighter  in  weight,  and  needs 
no  refrigeration. 

Role  of  Chemicals 

Many  chemicals  are  used  to  supple- 
ment refrigeration  or  to  otherwise 
retard  deterioration.  These  include 
antioxidants,  waxes,  mold  inhibitors, 
insecticides,  fumigants,  antiseptic 
washes,  heat  treatments,  and  various 
gases. 

Fresh  eggs  sometimes  receive  a 
mineral  oil  coating  to  prevent  mois- 
ture evaporation  and  loss  of  carbon 
dioxide.  Tomatoes  and  cucumbers  are 
waxed  to  retard  shriveling.  Apples 
for  storage  usually  are  treated  with  a 


decay  inhibitor  such  as  benomyl,  and 
an  antioxidant  such  as  diphenyl- 
amine.  Jonathan  apples  may  be 
drenched  in  calcium  chloride  to 
retard  softening  and  breakdown. 

Recent  U.S.  Department  of  Ag- 
riculture (USDA)  research  has  shown 
that  purging  storage  silos  of  corn 
with  60  percent  carbon  dioxide  for  4 
days  will  give  over  95  percent  control 
of  most  stored-grain  insects.  Table 
grapes  are  fumigated  in  storage  with 
sulfur  dioxide  to  control  mold. 

Incorporation  of  polyphosphates 
into  poultry  by  adding  them  to  the 
chilling  water  will  increase  shelf  life 
and  control  loss  of  moisture.  Propi- 
onates are  extremely  useful  in  con- 
trolling molding  of  bread. 

Papayas  in  Hawaii  are  treated  in 
hot  water  at  110°  to  120°  F.  before 
shipment  to  control  decay. 

Controlled  Atmosphere 

Modified  or  controlled  atmosphere 
storage  (CA)  can  aid  preservation  of 
apples,  pears,  certain  meats  and 
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Because  of  skyrocketing  fuel  costs  for  running  compressors  on 
refrigerated  railcars,  alternative  ways  to  keep  perishables  cool  in 
shipment  are  being  tried.  Here  liquefied  carbon  dioxide  is  sprayed 
over  the  cargo  in  an  ordinary  boxcar,  turning  the  load  into  a  huge 
"ice  chest." 
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some  other  perishables. 

For  apples  and  pears,  gas  tight  cold 
storage  rooms  are  used  with  lower 
than  normal  oxygen  and  some  carbon 
dioxide— usually  1.5  to  3  percent 
oxygen  with  1  to  5  percent  carbon 
dioxide  and  the  balance  nitrogen.  CA 
storage  adds  a  few  months  to  the  life 
of  fruit  over  normal  refrigerated 
storage.  As  a  result  Delicious  apples 
are  marketed  the  year  round. 

Apples  stay  crisp  and  firm  longer, 
and  some  internal  disorders  are  con- 
trolled by  CA.  Without  this  technol- 
ogy, some  of  the  apple  crop  would  be 
lost  during  market  gluts  that  exceed 
consumer  demands. 

A  recent  modification  of  CA  stor- 
age is  hypobaric  or  low-pressure 
storage  (10-100  mm  mercury).  This 
provides  an  atmosphere  very  low  in 
oxygen,  ethylene,  and  other  volatiles 
that  retards  ripening  and  delays  de- 
terioration of  produce  and  meat. 

Use  of  modified  atmospheres  dur- 
ing transport  aids  quality  retention 
of  meat,  fresh  strawberries,  sweet 
cherries  and  bananas.  The  atmos- 
phere is  modified  by  adding  dry  ice, 
by  injecting  gas  mixtures  from  pres- 
surized cylinders,  or  by  letting  the 
food  product  modify  the  atmosphere 
within  gas  impermeable  film  bags. 
Bag-in-a-box  packaging  has  proved 
very  successful  for  commercial  ship- 
ment of  fresh  chicken  and  pork. 

Whole  chilled  beef  carcasses  have 
been  shipped  from  Australia  to  Great 
Britain  since  the  1930's  under  carbon 
dioxide  atmospheres.  Carbon  dioxide 
inhibits  growth  of  bacteria  which 
produce  off-flavors  and  off-odors  in 
raw  meat  and  poultry. 

Head  lettuce  is  now  being  cooled, 
cored  and  chopped  into  salad-size 
pieces  in  California.  The  chopped  let- 
tuce is  then  packed  into  10-pound 


Fresh  apples  roll  down  conveyer 
belt  in  a  Virginia  packing  plant 
where  they  are  sorted,  sized, 
packed,  and  shipped  to  locations 
in  all  50  States.  Carbon  dioxide 
storage  can  keep  apples  crisp 
and  firm  longer  so  some  of  the 
crop  isn't  lost  during  market  gluts 
that  exceed  consumer  demands. 

polyethylene  bags.  The  bags  are 
evacuated  and  back  flushed  with  a 
modified  atmosphere  that  inhibits 
discoloration  of  cut  edges  during 
shipping  and  marketing.  Precut  let- 
tuce has  a  2  weeks  shelf  life  at  35°  F. 
This  product  is  very  popular  with 
fast  food  chains  and  institutional 
distributors.  There  is  no  trim  loss 
at  the  point  of  use. 

Year-Round  Selection 

The  array  of  choices  of  foods  avail- 
able in  our  supermarkets  is  indeed 
impressive.  Year  round  we  are  able  to 
select  from  a  variety  of  vegetables — 
from  artichokes  to  zucchini,  fruits 
from  apples  to  tangerines,  and  a 
seemingly  infinite  variety  of  grain 
and  cereal  products,  meats,  poultry 
products,  and  dairy  items. 

These  selections  are  not  only 
available  in  fresh  form,  but  also 
preserved,  chilled,  canned,  frozen, 
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pickled,  dried,  and  in  many  cases 
may  be  purchased  ready-to-eat. 

Primary  objective  of  processing  for 
preservation  is  to  modify  raw  com- 
modities into  stable  forms.  This  in- 
sures a  safe,  wholesome  food  supply 
for  people  living  and  working  in 
areas  far  removed  from  where  the 
crop  is  grown. 

If  we  were  unable  to  preserve  our 
food  but  demanded  only  fresh  un- 
processed food,  we  would  not  only  be 
faced  with  transporting  fresh  prod- 
ucts over  great  distances  but  would 
have  a  great  number  of  popular  foods 
available  only  on  a  seasonal  basis. 

Compound  this  situation  with  the 
problem  of  disposing  of  the  tremend- 
ous amount  of  inedible  shells,  peels, 
cores,  pits,  husks,  etc.,  that  are  nor- 
mally removed  in  preparing  food. 
Consider  also  the  energy  costs  of 
home  food  preservation,  the  tedious 
hours  in  the  kitchen,  and  the  spoil- 
age that  would  result  from  attempt- 
ing to  hold  products  fresh  until 
they  are  consumed. 

Food  Freezing 

Freezing  preservation,  discovered  by 
ancient  civilizations  surviving  the 
ravages  of  wintertime  cold,  is  now 
used  to  maintain  a  great  variety  of 
our  foods  in  a  relatively  unchanged 
state  for  a  long  period  of  time.  This  is 
the  principle  of  food  freezing. 

Microbial  life  forms  cannot  grow 
and  affect  food  at  freezing  tempera- 
tures. Some  natural  food  enzymes  do, 
however,  cause  undesirable  changes 
in  food  when  the  plant  cells  are  dis- 
rupted by  freezing.  Therefore,  most 
vegetables  are  "blanched,"  that  is, 
heated  slightly  to  inactivate  enzymes 
before  freezing.  Many  foods  are  pro- 
tected by  packaging,  usually  plastic 
to  avoid  moisture  loss  and  exposure 


to  oxygen  and  sometimes  opaque  to 
exclude  light. 

A  great  deal  of  care  and  expense  is 
required  to  maintain  a  package  of 
frozen  food  in  the  frozen  state,  from 
production  until  selection  from  the 
freezer  for  final  preparation.  Prepar- 
ing, packaging,  freezing,  storing, 
shipping,  and  marketing  frozen  foods 
has  evolved  in  recent  years  to  become 
a  fine-tuned  system  to  meet  the 
needs  and— yes,  the  whims  of 
American  consumers. 

Food  is  frozen  not  only  for  sale  at 
retail  but  also  in  bulk  for  institu- 
tions, restaurants,  and  as  a  conven- 
ient storage  form  for  later  use  in 
manufacture  of  many  specialty  prod- 
ucts, for  example,  soups  and  stews. 

Another  form  of  frozen  foods  is 
available  —  dehydrofrozen  foods.  For 
example,  dehydrofrozen  potatoes, 
based  on  a  process  developed  by 
USD  A  in  Albany,  Calif.,  are  made  by 
precooking  potato  cubes  or  slices, 
evaporating  sufficient  water  to  re- 
duce this  weight  by  50  percent,  and 
then  freezing  them. 

Loss  of  color,  flavor,  and  texture  is 
much  less  in  early  stages  of  dehydra- 
tion than  in  later  stages.  Thus,  by 
stopping  the  dehydration  halfway 
through  and  then  freezing,  these 
qualities  are  conserved  to  a  great- 
er extent  than  with  conventional 
dehydration.  Dehydrofrozen  food  is 
less  expensive  than  freeze-dried  food 
and  less  bulky  to  store  than  conven- 
tionally frozen  food. 


Evolution  of  Canning 

Preservation  by  conventional  can- 
ning is  the  only  widely  used  means  of 
preserving  food  that  was  invented  by 
modern  man.  The  reason  for  this  be- 
comes obvious  when  we  consider  the 
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major  steps  involved  in  canning. 

First,  one  needs  a  container  in 
which  to  put  the  product  that  is  im- 
pervious to  air,  moisture  and  micro- 
organisms. This  container  must  be 
durable  and  capable  of  withstanding 
heat,  at  least  the  temperature  of  boil- 
ing water.  Secondly,  a  method  must 
be  devised  to  heat  the  container  with 
its  contents  to  temperatures  high 
enough  to  kill  any  microorganisms 
(temperatures  of  212°  to  250°  F.  are 
commonly  used). 

The  ancients  did  not  have  such 
containers  or  methods  for  heating. 
The  first  container  available  that 
met  these  requirements  was  the 
glass  jar.  This  was  soon  followed  by 
the  can  made  of  tinned  steel.  Over 
years,  these  containers  have  evolved 
in  size,  shape,  and  kind  of  closure 
used. 

There  have  been  recent  innova- 
tions in  containers  for  conventional 
canned  foods.  Two-piece  aluminum 
and  steel  cans  are  now  replacing 
some  of  the  conventional  three-piece 
containers. 

Conventional  cans  are  made  of  a 
body  and  two  ends.  They  require  sol- 
dering of  the  side  seam  of  the  can 
body.  This  operation  is  costly.  And 
since  solder  contains  lead,  extreme 
care  must  be  exercised  in  can  man- 
ufacture to  assure  that  the  lead  con- 
tent of  foods  does  not  exceed  tolerable 
limits. 

The  two-piece  can  requires  no 
solder  and  the  bottom  is  formed  to- 
gether with  the  can  body.  Tin-free 
steel  (chromium  plated)  has,  for  some 
products,  replaced  the  familiar  tin 
can.  These  innovations  reduce  con- 
tainer cost  and  ultimately  the  price 
the  consumer  must  pay. 

Automatic  fillers  and  check 
weighers,  automatic  vacuum  testers, 


sophisticated  defect  detectors,  au- 
tomatic controls  on  continuous  cook- 
ers to  assure  adequate  processing, 
and  many  more  advances  have 
helped  the  canning  industry  main- 
tain high  quality  at  relatively  mod- 
erate prices. 

Recent  Advances 

In  recent  years,  with  the  advent  of 
mechanical  harvesting  of  vegetables, 
a  number  of  innovative  changes  have 
taken  place  in  the  vegetable  process- 
ing industry.  Agriculture,  like  most 
industry,  has  mechanized  to  keep 
production  costs  down. 

Tomato  varieties  were  developed 
that  lend  themselves  to  mechanical 
harvesting,  that  can  stand  physical 
abuse  from  the  machine  and  subse- 
quent hauling,  and  that  have  good 
nutritional  and  processing  qualities. 

Another  advance  in  tomato  product 
manufacture  is  development  of  bulk 
storage  tanks  for  concentrated  toma- 
to solids.  These  storage  tanks  are 
sterilized  and  filled  each  season  with 
commercially  sterile  concentrated 
tomato  solids  for  use  throughout  the 
year  in  preparing  a  great  variety  of 
products  requiring  tomatoes— soups, 
spaghetti  sauce,  ketchup,  dressings, 
pizza,  beans,  and  a  host  of  other 
products  as  well. 

Without  these  advances,  tomato 
products  would  not  be  available  in 
such  abundance  and  prices  would 
undoubtedly  be  much  higher. 

Research  has  also  made  it  possible 
now  to  package  commercially  sterile 
products  into  sterilized  containers. 
This  allows  use  of  plastic  containers 
instead  of  metal  cans  for  packing 
many  foods.  The  result  will  be  more 
convenient  and  cheaper  foods. 

With  the  new  aseptic  system,  milk 
or  juices  can  be  commercially  ster- 


170 


Vine-straddling  mechanical  harvesters 
pick  juice  grapes.  At  the  end  of 
the  row,  the  high  lift  dumps  grapes 
into  trucks  that  hold  up  to  12  tons 
and  tilt  for  unloading  at  the  processing 
plant.  Many  advances  have  been  made 
in  mechanically  harvesting  vegetables 
in  recent  years. 

ilized  using  an  ultra-high  tempera- 
ture that  is  much  less  damaging 
to  flavor.  The  milk  or  juice  is  then 
moved  under  aseptic  conditions  to 
the  filling  equipment. 

The  packaging  material  is  ster- 
ilized with  hydrogen  peroxide,  the 
container  formed,  filled,  and  sealed 
under  aseptic  conditions.  One  then 
has  a  commercially  sterilized  prod- 
uct in  a  sterilized,  sealed  con- 
tainer that  need  not  be  refrigerated 
continuously. 

Fermented  Foods 

Preservation  by  fermentation  and  by 
pickling  is  another  great  invention  of 
our  ancient  forebears.  They  found 
out  that  by  allowing  certain  foods 
to  ferment,  or  by  adding  fermented 
liquids  to  foods,  that  the  food  did  not 


spoil  and  could  be  held  a  long  time. 

Modern  science  has  isolated  the 
organisms  that  produce  the  desirable 
fermentations  and  defined  the  op- 
timum environment,  nutrients,  tem- 
perature and  other  conditions  that 
will  safely  and  efficiently  pickle 
foods.  Now  controlled  fermentations 
that  use  pure  cultures  of  microor- 
ganisms produce  many  of  our  foods. 
Cheeses,  wines,  beers,  vinegars,  pick- 
les, sauerkraut  and  soy  sauce  are 
among  the  commonly  available  fer- 
mented foods.  Recent  advances  in 
fermentation  technology  are  making 
our  foods  safer  and  of  higher  quality. 

One  of  the  oldest  known  methods 
of  food  preservation  is  dehydration. 
This  lowers  water  content  to  inhibit 
growth  of  microorganisms,  thereby 
bringing  spoilage  activity  almost  to  a 
standstill  under  moisture-proof  pack- 
aging. Moisture  is  removed  by  sun 
drying,  by  indoor  tunnel  or  cabinet 
dehydrators,  and  by  freeze-drying. 
Many  food  processors  use  dehy- 
drated vegetables  to  make  a  broad 
range  of  products,  for  example  dried 
soup  mixes,  canned  and  frozen  prod- 
ucts, condiments,  salad  dressings, 
convenience  food  items,  casseroles, 
and  extenders  in  meat  dishes. 

Dehydrated  foods  properly  pack- 
aged may  be  stored  at  room  tem- 
perature for  extended  periods,  while 
retaining  flavor  stability.  Also,  de- 
hydrated vegetables  are  lighter  in 
weight  and  lower  in  space  volume, 
which  translate  to  reduced  handling 
and  storage  costs.  One  pound  of 
freeze-dried  mushrooms  is  equivalent 
to  approximately  13  pounds  of  fresh 
product. 

Dehydrated  garlic  and  onion 
products  are  available  in  a  variety 
of  forms,  including  powdered,  granu- 
lated, ground,  minced,  chopped,  and 
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sliced.  One  part  dry  weight  of  dehy- 
drated ground  onion  is  equivalent 
in  flavor  to  approximately  13  parts 
of  raw  onion  as  purchased. 

One  commercial  firm  dehydrates 
peppers,  carrots,  cabbage,  celery, 
chives,  green  onion,  green  beans, 
peas,  beets,  horseradish,  parsley, 
parsnips,  spinach,  turnips,  and  corn. 
Many  of  these  are  available  in  our 
markets. 

Powdered  and  granulated  vegeta- 
ble forms  will  rehydrate  within  1  to 
10  minutes  in  cool  water.  Chopped, 
diced,  sliced,  and  flaked  vegetables 
are  rehydrated  by  placing  them  in 
cool  water  which  is  then  brought  to 
a  boil  and  allowed  to  simmer  for 
15  to  20  minutes. 

Current  constraints  on  available 
water  for  food  processing,  costly 
waste  disposal  problems,  and  escalat- 
ing energy  costs  present  serious  prob- 
lems to  food  processors.  Federal, 
State  and  private  laboratories  recog- 
nize this  need  and  are  seeking  tech- 
nical solutions. 

Processing  operations  are  being 
studied  to  find  ways  to  use  less  wa- 
ter, to  reuse  water  within  the  proc- 
essing plant,  to  reduce  waste  and 
the  wastewater  volume.  Energy  use 
surveys  have  been  conducted.  These 
have  pointed  the  way  for  energy- 
saving  innovations  in  the  processing 
industry.  More  efficiency  can  and 
will  be  achieved  as  we  expand  our 
scientific  knowledge  of  the  funda- 
mental principles  on  which  innova- 
tive changes  are  based. 

Although  few  fundamentally  new 
methods  of  food  preservation  have 
come  along  recently,  new  and  better 
ways  to  do  the  job  are  being  devel- 
oped. The  future  will  see  even  more 
evolution  in  the  food  industry.  With 
world  population  growing  rapidly, 


the  need  is  great  to  protect  food 
during  marketing  through  proper 
storage  and  processing  to  reduce 
waste. 

Further  Reading: 
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mospheres and  Refrigeration,  Food 
Technology  Vol.  34,  No.  3,  pp.  44-71. 

Home  Storage  of  Fruits  and  Vegeta- 
bles, NRAES-7  for  sale  from  NRAES, 
Riley-Robb  Hall,  Cornell  University, 
Ithaca,  NY  14853.    $1.25. 

Keeping  Food  Safe  to  Eat  -A  Guide 
forHomemakers,  H&G  No.  162,  U.S. 
Department  of  Agriculture,  Office  of 
Governmental  and  Public  Affairs, 
Washington,  DC  20250.     Free. 

Proceedings  of  the  National  Food 
Loss  Conference,  available  from  John 
O.  Early,  Agricultural  Science  Build- 
ing, Room  30,  University  of  Idaho, 
Moscow,  ID  83843.      $5. 

Storing  Vegetables  and  Fruits  in 
Basements,  Cellars,  Outbuildings, 
and  Pits,  H&G  No.  119,  U.S.  De- 
partment of  Agriculture,  Office  of 
Governmental  and  Public  Affairs, 
Washington,  DC  20250.     Free. 
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Truckin'  on  Down  with  Your  Next  Meal 

By  B.H.  I Ashby  and  J.P  'Anthony 


During  the  energy  crunch,  a  prime 
concern  is  whether  we  can  main- 
tain the  unique  transportation  and 
distribution  system  that  allows  us 
fast  delivery  of  quality  food  items 
over  long  distances  in  relatively 
short  periods.  Will  new  technology 
allow  our  present  system  to  go  on  un- 
changed? Or  will  skyrocketing  fuel 
prices  force  development  of  new  food 
distribution  systems? 

The  total  price  that  consumers  pay 
for  food  items  is  heavily  influenced 
by  fuel  expenses  at  every  link  in  the 
distribution  chain  from  field  to  din- 
ner table.  Approximately  5  billion 
gallons  of  fuel  is  used  annually  to 
raise,  harvest,  process,  store  and 
handle,  transport,  refrigerate,  retail, 
and  cook  the  food  consumed  in  the 
United  States.  About  1  billion  gallons 
of  this  fuel  is  used  annually  for  per- 
sonal automobile  transportation  to 
purchase  food  at  supermarkets  and 
restaurants. 

Production  of  food  in  the  United 
States  is  highly  concentrated  by 
product  in  areas  which  for  the  most 
part  are  far  from  major  consumption 
areas.  Examples  are:  Florida  citrus, 
Texas  onions  and  meat,  California 
lettuce,  and  Pacific  Northwest 
potatoes.  Will  increasing  fuel  prices 
turn  the  economic  advantage  to  more 
local  production  of  food?  The  authors 
feel  this  is  unlikely  in  the  near  fu- 
ture. Agricultural  production  still 
will  decline  in  areas  of  urban  growth 
and  concentrate  even  more  in  the 
major  production  areas. 

We  all  are  waiting  for  development 


of  a  "miracle  fuel"  or  a  cheap  re- 
placement for  gasoline  and  diesel 
fuel  that  will  reduce  transportation 
costs  and  lower  food  prices.  This  also 
is  unlikely.  What  is  happening  is  that 
the  energy  crunch  is  forcing  rapid 
development  of  energy-efficient 
transport  equipment  and  food  mar- 
keting facilities.  Equipment  and 
facilities  for  transporting,  handling, 
and  retailing  food  most  probably  will 
change  drastically  during  the  next 
decade. 


Computers  to  the  Rescue 

In  the  near  future,  computerization 
most  probably  will  make  the  greatest 
impact  on[fuel  savings  in  food  dis- 
tribution^ At  present,  we  have  food 
warehouses  in  the  planning  stages 
where  most  operations  will  be  com- 
puter controlled  and  mechanically 
operated. 

Computers  will  select  the  most  ef- 
ficient pallet  stacking  patterns  and 
electronically  direct  the  mechanical 
stacking  of  food  containers  on  pallets 
in  racks  in  the  warehouse,  some  as 
high  as  50  feet.  Outgoing  orders  for 
food  products  will  be  entered  into  the 
computer  which  mechanically  re- 
trieves the  pallet  loads  from  the 
warehouse  and  moves  them  to  the 
loading  dock. 

Once  at  the  loading  dock,  comput- 
ers will  determine  the  loading  pat- 
terns for  stacking  the  product  so 
every  bit  of  available  space  in  the 
transport  vehicle  is  used.  Computers 
will  be  programmed  to  select  the 
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Hunts  Point  Terminal  Market,  covering  the  lower  third  of  the  picture,  is 
where  food  from  all  over  the  world  converges  to  be  distributed  to  over 
15  million  people  in  New  York  City. 


most  energy-efficient  routing  for  the 
driver  to  follow  during  his  delivery  to 
either  grocery  stores  or  warehouses. 
In  the  future,  trucks  will  be  equip- 
ped with  their  own  on-board  comput- 
ers that  will  take  over  many  product 
maintenance  decisions  now  made  by 
drivers.  For  example,  when  trans- 
porting refrigerated  food  products, 
the  driver  enters  pretrip  information 
on  the  specific  product  to  be  carried, 
and  the  computer  will  automatically 
control  the  proper  temperature  and 
humidity.  In  addition,  the  computer 
will  control  operation  of  the  refriger- 
ation unit  for  minimum  consump- 
tion of  fuel. 


Computerization  also  will  be 
applied  to  operation  and  mainte- 
nance of  the  vehicle.  Once  on  the 
highway,  the  on-board  computer  will 
select  the  gearing  and  operating 
speed  for  minimizing  fuel  consump- 
tion under  the  existing  load  and  road 
conditions.  The  computer  also  will 
add  or  change  the  engine's  oil  au- 
tomatically as  required. 

Engineers  predict  that  future  re- 
frigeration for  highway  trailers  will 
be  powered  by  the  tractor  exhaust 
heat,  which  now  is  dissipated  into 
the  air.  Trucks  also  will  be  designed 
to  minimize  aerodynamic  drag  and 
will  have  a  total  new  look. 
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Solar  Railcars 

The  long-distance  transport  (over 
200  miles)  of  perishable  foods  most 
likely  will  move  by  railroads,  since 
rail  transport  is  four  times  more  fuel 
efficient  than  highway  transport. 
However,  the  vehicles  transporting 
the  food  will  be  intermodal  trailers 
on  flatcars  or  dual-purpose  road/rail 
vehicles. 

In  the  distant  future,  engineers 
have  proposed  individual  solar- 
powered  railcars  for  frozen  foods. 
Essentially,  these  will  be  "Flying 
Dutchman"  warehouses  on  the  rails. 
The  sun  will  heat  liquid  hydrogen 
stored  in  on-board  tanks  and  coils  in 
the  car  walls  for  refrigeration.  The 
refrigeration  boiloff  would  be  used 
for  motive  power,  and  computers  will 
guide  the  car  to  its  destination. 

In  the  air,  a  British  firm  has  re- 
cently ordered  several  cargo  blimps 
or  airships.  Air  cargo  is  the  most 
energy-intensive  mode  of  transport. 
Airships  can  operate  on  a  fraction  of 
the  fuel  required  by  jet  aircraft  and 
can  pick  up  and  deliver  food  products 
in  areas  without  elaborate  airfield 
facilities,  very  possibly  at  the 
stores  themselves. 

A  U.S.  firm  proposed  a  flatbed  jet 
aircraft  that  will  carry  intermodal 
containers.  Refrigerated  foods  can  be 
shipped  on  the  aircraft  in  insulated 
containers  without  diesel-powered  re- 
frigeration, since  ambient  air  tem- 
peratures in  flight  approach  —70°  F. 

Will  future  technology  make  re- 
frigeration for  food  obsolete?  Supply- 
ing in-transit  refrigeration  for  food 
products  increases  fuel  consumption 
from  15  to  30  percent.  Warehousing 
and  retail  store  refrigeration  account 
for  large  additional  demands  on 
energy  during  food  distribution.  Cur- 
rent research  is  aimed  at  reducing  or 


eliminating  the  demand  for  distribut- 
ing food  products  under  refrigeration 
to  maintain  their  "fresh-like"  state. 

Recent  developments  in  sterile 
milk  technology  promise  to  practi- 
cally eliminate  the  refrigeration  re- 
quirements for  home  delivery  of  milk 
and  save  an  estimated  one-half  bil- 
lion gallons  of  fuel  annually. 

Extending  Shelf  Life 

We  are  on  the  brink  of  technological 
breakthroughs  in  gas  treatment  and 
packaging  which  will  allow  a  number 
of  food  products  to  be  preserved  and 
delivered  in  a  fresh  state  without  re- 
frigeration. This  process  will  extend 
shelf  life  almost  indefinitely  and 
reduce  undue  waste  of  food  in  the 
distribution  process. 

In  summary,  our  current  food  dis- 
tribution systems  are  diverse  and 
energy-intensive.  Energy  shortages 
and  rising  fuel  costs  will  force 
changes  in  the  way  food  gets  from 
the  farm  to  the  consumer.  The  begin- 
nings of  these  changes  already  are 
visible  in  our  everyday  life.  For 
example,  the  warehouse-type  food  re- 
tail outlets  are  an  attempt  to  hold 
back  food  prices  by  reducing  distribu- 
tion costs. 

None  of  us  can  predict  exactly 
what  will  develop  over  the  next  dec- 
ade, but  we  can  be  assured  of  wide 
ranging  changes  in  the  way  our  food 
is  transported  and  marketed  brought 
on  by  the  need  to  conserve  and  use 
energy  resources  more  efficiently. 


Author  B.  Hunt  Ashby  is  with  the 
Transportation  and  Packaging 
Research  Branch,  Office  of 
Transporatation.  Coauthor  Joseph  P. 
Anthony  is  with  the  Marketing 
Research  Branch,  Agricultural 
Marketing  Service. 
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Pickin'  and  Choosin'  in  the  Supermarket 


.-" 


By  Daniel  I./Padberg 


The  American  food  system  contains 
many  firms  and  organizations  — 
large  and  small.  Some  are  very 
scientific  and  specialized,  others 
simple  and  traditional.  But  the  even- 
tual meaning  of  all  these  activities 
comes  from  the  way  this  system 


th, 


e  consumer. 


Consumers  influence  the  food  sys- 
tem through  their  choices.  They  ex- 
press a  preference  for  convenience  by 
buying  frozen  French  fries  instead  of 
a  bag  of  potatoes.  By  patronizing 
McDonald's,  consumers  encourage 
the  growth  of  fast-food  places  and  the 
decline  of  some  more  traditional  food 
channels.  When  we  study  consumer 
choices,  we  learn  something  about 
how  Americans  want  to  eat  and  or- 
ganize their  time— we  also  learn 
about  how  these  demands  are  trans- 
lated into  adjustments  in  the  food 
system. 

One  level  of  choice  involves  food 
for  serving  at  home  versus  buying 
meals  or  prepared  food  for  consump- 
tion away  from  home.  Several  choices 
are  available  within  each  of  these 
channels.  Supermarkets  provide 
much  of  the  food  for  use  at  home,  but 
roadside  stands,  bakery  shops,  and 
convenience  stores  are  alternatives. 
Food  away  from  home  may  be  at 
school,  on  an  airline  flight,  through  a 
vending  machine,  or  in  any  of  several 
kinds  of  restaurants. 

Another  level  of  choice  involves 
the  amount  of  processing  done.  Shall 
we  have  rice  or  Rice-A-Roni,  flour  or 
bread,  oranges  or  orange  juice?  At 
still  another  level,  we  may  like  na- 


tionally advertised  brands  or  generic 
brands.  The  choices  offered  and  the 
patterns  and  trends  observable  have 
a  major  effect  upon  the  diet  of  the 
American  population. 

We  interpret  the  trends  in  con- 
sumer food  choices  in  the  context  of 
the  current  socio-economic  conditions 
of  our  consuming  population.  A  brief 
summary  or  description  of  the  typical 
American  consumer  may  be  useful  in 
interpreting  consumer  behavior. 

The  most  notable  aspect  of  the 
American  consumer  is  affluence. 
Even  the  American  consumer  on  wel- 
fare has  enormous  buying  power 
compared  with  the  three-fourths  of 
the  world  population  who  earn  less 
than  $600  a  year.  Today's  consumer 
has  twice  the  real  income  —  after 
accounting  for  inflation  and  taxes  — 
which  was  enjoyed  by  the  previous 
generation. 

Shift  in  Women's  Role 

Another  significant  aspect  of  the 
socio-economic  setting  is  the  chang- 
ing role  of  women  in  our  culture  and 
economy.  The  increasing  tendency  for 
women  to  seek  personal  fulfillment 
and  development  in  activities  outside 
the  household  and  to  seek  equality 
with  men  in  the  workplace  has  a 
great  effect  on  the  food  system.  In  the 
first  place,  women  working  has  been 
a  major  factor  in  the  increased 
household  affluence.  Additionally,  it 
competes  for  time  and  reduces  the 
opportunity  for  meal  preparation  in 
the  home.  This  trend  creates  the 
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With  more  and  more  women  in 
professional  careers,  the  time  and 
opportunity  for  meal  preparation 
in  the  home  is  decreasing. 

need  for  convenient  food  and  the 
ability  to  pay  for  it. 

In  this  socio-economic  setting,  we 
are  not  looking  for  the  cheapest  food 
choices.  We  want  a  lot  of  conven- 
ience. We  want  choices  that  enable  a 
changing  lifestyle.  We  move  to  a  way 
of  living  with  much  less  emphasis  on 
the  family  and  homemaking. 

This  trend  takes  us  away  from  the 
less  expensive  staples  to  the  prepared 
foods  which  are  more  expensive, 
more  packaged,  more  preserved,  etc.. 
Yet  we  want  the  less  expensive 
staples  available,  too.  Sometimes  the 
American  consumer  exhibits  incon- 
sistent behavior.  We  articulate  the 
concepts  of  frugality  developed  in  our 
culture  for  generations  while  at  the 
same  time  we  are  happily  adopting 
the  habits  of  affluence  which  have 
become  widespread  only  in  the  last 
generation. 

Sixty-five  percent  of  1980  food  ex- 
penditures by  American  consumers 


went  for  food  at  home.  This  share  is 
decreasing  over  time,  as  prepared 
foods  become  more  attractive  in  res- 
taurants and  especially  fast  food 
places. 

Supermarkets  are  the  biggest 
stream  in  the  food  system,  but  their 
share  (now  over  40  percent)  is  declin- 
ing slowly.  The  supermarket  is  a  very 
American  innovation  and  a  great 
success  in  consumer  goods  distribu- 
tion. It  is  efficient  in  a  distribution 
cost  sense,  and  yet  it  allows  display- 
ing an  enormous  variety  of  products. 
By  and  large,  food  received  through 
the  supermarket  is  the  best  buy  if 
economy  is  given  high  priority. 

Smaller  grocery  stores  are  not 
called  supermarkets,  although  they 
may  indeed  resemble  them.  (Super- 
markets are  often  defined  as  grocery 
stores  with  over  $1  million  in  annual 
sales.)  These  smaller  stores  are  often 
in  locations  unsuited  for  supermar- 
kets. Urban  areas  too  crowded  for 
parking  lots  and  thinly-settled  rural 
areas  are  examples.  These  stores  sell 
over  11  percent  of  the  value  of  food 
purchases.  Convenience  stores  do 
another  3.5  percent.  Often  the  selec- 
tion is  narrower  and  the  prices 
higher  in  convenience  stores. 

Specialty  food  stores  include  bak- 
ery shops,  fish  markets,  dairy  stores, 
butcher  shops,  etc.  They  do  4.4  per- 
cent of  the  total,  and  purchases  di- 
rectly from  farmers  and  fishermen 
add  another  0.6  percent.  These  food 
sources  may  sometimes  be  cheaper 
than  the  supermarket,  but  that  is  not 
the  usual  case.  It  is  a  normal  expec- 
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Most  consumers  realize  that  by  buying  produce  direct  from  farmers 
they  may  get  better  quality,  often  at  lower  prices.  But  less  than  one 
percent  of  produce  is  marketed  that  way. 


tation,  however,  that  the  products 
have  distinctive  quality  and  be  rec- 
ognizably different  from  the  super- 
market alternatives  in  this  regard. 

Other  retail  food  sales  account  for 
5  percent  of  our  expenditures  and  in- 
clude candy  sold  in  gas  stations,  food 
and  candy  sold  in  drugstores  and 
department  stores,  mail  order  gift 
packs,  etc.  Much  of  this  stream  of 
food  is  processed  grocery  items  sold 
through  drug  and  department  stores. 

Restaurants,  Fast  Food 

Food  away  from  home  is  35  percent 
of  our  total  expenditure  pattern,  and 
growing.  It  is  growing  more  in  terms 


of  volume  of  food  than  in  share  of  ex- 
penditures because  the  fast  growth 
part  is  fast  food,  which  is  the  least 
expensive. 

Conventional  restaurants  take  in 
almost  15  percent  of  our  food  outlays. 
Besides  supplying  food,  they  also 
provide  a  celebrating  aspect  which  is 
important  in  our  culture.  Often  the 
share  of  the  cost  going  for  service  and 
other  amenities  is  more  than  the  cost 
of  the  food  provided.  While  this 
channel  may  not  offer  the  most 
economical  way  to  be  nourished,  it  is 
generally  regarded  as  a  pleasant  and 
celebrative  event  within  our  culture. 

Fast  food  accounts  for  10.5  percent 
of  our  food  expenditures  and  possibly 
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More  than  10  percent  of  the  American  food  dollar  is  spent  for  fast  food. 


more  meals  than  conventional  res- 
taurants. This  channel  specializes  in 
efficient  nourishment  but  with  a 
minimum  emphasis  on  amenities  and 
celebration.  It  is  a  fast-growing  al- 
ternative serving  especially  well  the 
households  where  both  spouses  work 
or  only  one  parent  is  present. 

Institutional  meals  such  as  hospi- 
tal, school,  or  workplace  food  service 
represent  1.3  percent  of  total  food  ex- 
penditures, while  vending  machines 
add  another  1.2  percent.  Vending 
machines  are  a  growing  aspect  of  a 
convenience-oriented  food  market. 
Other  prepared  food  may  include 
popcorn  at  the  movies,  hotdogs  at  the 
ball  game,  or  the  ice  cream  bar  you 
buy  on  the  Mall  in  Washington,  D.C. 
This  miscellaneous  channel  accounts 
for  7.4  percent  of  consumer  food 
expenditures. 

Through  choosing  among  these 
channels,  consumers  adapt  to  a  new 
pattern  of  food  arrangements  and  a 
new  way  of  living.  It  is  not  easy  to 


assess  advantages  or  disadvantages 
of  these  changes.  It  does  seem  ap- 
propriate to  observe  that  changes  in 
food  patterns  are  closely  related  to 
living  patterns. 

Factory  Preparation 

We  purchase  prepared  foods  for  con- 
sumption away  from  home  as  noted 
above,  but  within  the  supermarket 
the  extent  of  preparedness  of  food 
products  is  an  important  choice.  As 
we  seek  convenience,  a  frequent  re- 
sult is  that  the  final  food  product  is 
prepared  in  the  factory  rather  than 
in  the  kitchen. 

This  transition  affects  many 
things.  The  final  products  are  often 
perishable.  Grain  or  flour  can  be 
safely  stored  long  periods  at  moisture 
content  levels  below  15  percent  or  so. 
Bread,  on  the  other  hand,  has  a  high 
moisture  content  when  fresh,  which 
encourages  mold  and  requires  com- 
plex packaging.  By  choosing  pre- 
pared foods,  we  usually  increase  pack- 
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aging  and  handling  costs  and  also 
require  use  of  preservatives. 

Other  consequences  relate  to  buy- 
ing processed  foods.  A  few  food 
ingredients  may  be  made  into  hun- 
dreds of  different  final  products. 
Grandma  used  to  create  all  of  that 
variety  in  the  kitchen.  If  the  desired 
variety  of  foods  is  developed  in  the 
factory,  the  distribution  system  has 
to  fuss  with  our  food  supply  in  tiny 
bits  and  pieces  rather  than  large 
flows.  Clearly  this  adds  expense.  It 
also  destroys  the  very  reliable  unit  of 
measure  (price  per  pound)  so  useful 
in  buying  staple  foods  of  the  past. 
What  is  the  unit  of  measure  for  Pop 
Tarts?  How  do  you  compare  them 
with  Brown  'n  Serve  rolls? 

In  addition  to  the  frustration  in 
finding  a  useful  unit  of  measure, 
these  finished  products  are  in  small 
(usually  one-meal  oriented)  quan- 
tities. Unlike  buying  50  pounds  of 
flour  as  Great  Grandma  did,  we  find 
it  hardly  worthwhile  to  be  a  serious 
price  shopper  on  a  package  of  Pop 


Tarts.  The  price  per  package  is  small, 
and  we  are  subject  to  more  sales 
persuasion  than  if  the  choice  had  a 
significant  budget  impact.  These 
aspects  of  the  emerging  food  system 
illustrate  that  having  more  con- 
sumer choices  is  not  unambiguously 
advantageous. 

Name,  Economy  Brands 

Another  pattern  within  the  super- 
market enables  consumers  to  choose 
processed  products  which  are  the 
focus  of  a  great  amount  of  marketing 
activity  or  shun  them  for  simpler 
economy  products.  National  brands 
tend  to  be  innovative,  interesting, 
status  oriented,  and  expensive.  There 
are  some  products  where  one  can't 
find  an  alternative  to  these  features. 
But  in  most  food  products  where  na- 
tionally advertised  brands  achieve 
significant  market  volume,  cheaper 
copy  products  soon  follow. 

The  largest  food  retailers  (the  food 
chains)  are  experts  at  this  act.  The 
copy  products  usually  have  the  re- 
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Generic-labeled  products  are  almost 
always  a  good  value  for  the  money  and 
offer  the  consumer  an  alternative  to  the 
highly  advertised,  more  expensive  brands. 

tailer's  label  or  the  newer  generic 
label.  They  are  almost  always  a  very 
good  value  for  the  money.  Most  con- 
sumers understand  this  complex 
choice  pattern  and,  as  a  result,  econ- 
omy products  limit  the  power  of  the 
highly  advertised  brands. 

Consumer  choice  patterns  are  hard 
to  understand  and  predict  unless 
they  can  be  linked  to  some  pattern  of 
rational  behavior.  The  most  signifi- 
cant linking  has  been  in  relation  to 
a  concept  of  "money  rationality."  The 
economist's  theory  of  consumer  be- 
havior identifies  a  relation  between 
preferences  and  a  budget  constraint. 

This  approach  to  understanding 
consumer  choices  doesn't  work  very 
well  in  the  supermarket.  There  are 
several  reasons.  The  dividing  of  the 
food  supply  into  tens  of  thousands  of 
choices  makes  consumer  choice  very 
complex  and  time  consuming.  Point- 
of-purchase  merchandising  stimuli 
influence  our  choices.  The  consum- 
er's pattern  of  living  makes  money 
more  available  and  time  more  scarce. 

As  a  result  of  these  changes,  we 
must  come  to  expect  the  consumer  to 


be  "time  rational"  as  well  as  "money 
rational."  We  must  understand  that 
it  isn't  worth  the  effort  to  be  highly 
informed  — item  by  item.  The  results 
of  using  general  "rules  of  thumb"  and 
habits  (generic  brands,  etc.)  take  less 
time  and  are  more  satisfactory  than 
shopping  patterns  that  are  more 
analytical. 

We  must  also  come  to  understand 
that  this  rational  indifference  to  the 
tiny  price  signals  on  food  products 
makes  consumers  more  subject  to 
influence  by  advertising  and  other 
marketing  stimuli.  Especially  as  per- 
tains to  new  products,  the  consumer 
is  passive  and  the  food  manufacturer 
active.  In  this  process  of  economic 
evolution,  we  have  gained  some  vari- 
ety in  available  choice  and  lost  some 
consumer  sovereignty  at  the  same 
time. 

The  emerging  food  system  has  pro- 
vided a  basis  for  our  population  to  be 
nourished  and  to  significantly  adjust 
our  lifestyle.  We  have  chosen  con- 
venience and  factory-made  variety. 
These  choices  have  brought  the  need 
for  more  developed  public  initiatives. 

Food  safety  questions  are  much 
more  complex  and  troublesome  than 
in  times  past.  Nutritional  labeling 
and  other  product  identification 
policies  have  been  necessitated  by 
the  more  complex  formulated  foods. 

Some  troublesome  questions  re- 
main. Big  companies  advertise 
highly  processed  products,  while 
fresh  fruits  and  other  unprocessed 
products  rarely  are  advertised.  Does 
this  lead  consumer  choice  patterns 
in  the  best  direction? 


Daniel  I.  Padberg  is  Dean,  College  of 
Food  and  Natural  Resources, 
University  of  Massachusetts,  Amherst. 
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Zip— Flash,  and  the  Food  You  Want  Is  on  Its  Way 

By  Dennis  R.  Henderson 


It  is  wasteful  to  produce  peanuts 
when  the  buyers  want  bananas, 
costly  to  ship  to  Tupelo  when  the 
buyers  are  in  Toledo,  confusing  to 
ship  to  Sam  when  the  buyer  is  Dan, 
and  frivolous  to  deliver  in  September 
when  it's  needed  in  December.  Mar- 
keting is  the  process  by  which  the 
right  products  get  to  the  right 
persons  in  the  right  places  at  the 
right  time. 

The  questions  of  what,  who,  where, 
and  when  continually  beg  for 
answers.  Complete,  accurate  and 
timely  market  information  provides 
the  answers,  which  help  minimize 
confusion,  waste,  and  costs.  Informa- 
tion is  the  key  to  efficiency  in 
marketing. 

The  complexity  of  providing  and 
obtaining  market  information  is  a 
function  of  the  rate  of  change  in 
market  conditions.  Useful  informa- 
tion can  be  obtained  through  experi- 
ences in  the  market  when  consumer 
tastes  change  slowly,  production  is 
relatively  stable,  and  the  costs  of 
doing  business  don't  fluctuate  very 
much.  But  when  market  conditions 
change  rapidly,  costly  mistakes  often 
result  from  relying  upon  information 
obtained  through  past  experiences. 

Thus,  as  the  speed  at  which  the 
answers  to  the  what,  who,  where, 
when  questions  change,  the  impor- 
tance of  systems  for  the  rapid  collec- 
tion, analysis  and  dissemination  of 
market  information  increases. 

That  today's  marketplace  for  food 
and  agricultural  products  is  subject 


to  rapid  change  needs  little  elabora- 
tion. Soaring  energy  and  transporta- 
tion costs,  marked  oscillations  in 
foreign  demand,  store  closings,  plant 
consolidations,  inflation,  and 
changes  in  eating  behavior  are  all 
factors.  As  a  result,  the  potential  for 
economic  losses  and  inefficiencies 
due  to  poor,  incomplete,  outdated 
and/or  inaccurate  market  informa- 
tion is  considerable. 

Tailored  Technology 

Fortunately  the  technology  for  pro- 
viding and  analyzing  market  infor- 
mation, for  creating  knowledge,  has 
literally  exploded  in  recent  years. 

Modern  electronic  communications 
and  data  processing  technology  pro- 
vides the  capability  to  obtain  com- 
plex and  sophisticated  market  infor- 
mation, instantly  tailored  to  specific 
user  needs.  User  applications  are 
being  developed  which  allow  more 
accurate  and  rapid  response  in  the 
marketplace,  thus  facilitating  effi- 
ciency in  a  rapidly-changing  market 
environment. 

We  are  talking  about  electronic 
computers,  high  speed  data  trans- 
mission, electronic  sensing  devices, 
home  computers  and  portable  comput- 
er terminals,  space  communications, 
ultrasonic  detection  technologies  and 
the  like. 

Electronic  computers  are  compact 
and  fast.  Today's  computer  the  size  of 
a  home  refrigerator  has  a  greater 
capacity  than  the  computer  of  a  dec- 
ade ago  that  was  larger  than  the 
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whole  kitchen.  Computation  time  is 
now  measured  in  nanoseconds  (one- 
billionth  of  a  second)  and  laser  beam 
technology  which  operates  at  the 
speed  of  light  is  being  developed. 
Thus,  computers  can  process  data 
very  rapidly,  creating  information 
that  is  specific  to  the  needs  of  indi- 
vidual users. 

Equally  impressive  developments 
are  occurring  in  the  technology  for 
communicating  among  computers 
and  between  computers  and  people. 
Telephone  lines  that  a  few  years  ago 
were  limited  to  transmitting  10  to  20 
characters  of  information  per  second 
are  now  routinely  handling  more 
than  10  times  that  amount.  Dedi- 
cated data  lines  can  now  handle  more 
than  1,000  characters  per  second  in 
many  cases. 

Microwave  signals  relayed  by 
space  satellites,  which  are  even  fast- 
er and  offer  potential  for  lower  costs, 
are  already  in  limited  use.  Fiber 
optic  technology  is  being  developed 
which  can  bring  the  speed  of  light  to 
communications  as  well  as  to  data 
processing. 

Computers  That  Talk 

Low  cost,  portable,  easy-to-use  com- 
puter terminals  that  allow  people  to 
interact  with  computers  are  common- 
place. Now  these  connect  up  with 
computers  through  telephones,  use 
typewriter-like  keyboards  for  com- 
municating to  computers  and  printers 
or  TV-like  screens  to  receive  infor- 
mation from  computers.  Some  use  TV 


sets  as  receivers  and  cost  only  a  few 
hundred  dollars. 

Some  computers  can  speak,  allow- 
ing a  telephone  to  be  used  as  a  re- 
ceiver. Technology  is  currently  being 
perfected  which  allows  people  to  talk 
to  computers.  Thus  a  standard  tele- 
phone becomes  a  completely  interac- 
tive computer  terminal.  Using  video 
displays,  computers  now  give  users 
graphical  and  pictorial  information 
besides  verbal  communications. 

Also,  electronic  sensing  and  detec- 
tion devices  are  being  developed  that 
allow  computers  to  obtain  accurate 
information  on  many  things  that  af- 
fect the  marketplace,  without  direct 
input  from  people. 

One  example  is  space  satellite 
scanning  of  crop  conditions.  This  has 
the  potential  to  provide  computer 
data  banks  with  detailed  information 
on  crop  acreages,  growth  conditions 
and  expected  yields.  Detection  of 
livestock  inventories  may  also  be 
possible. 

Other  technology  is  being  devel- 
oped which  electronically  assesses 
product  quality.  Meat  quality  detec- 
tion is  nearly  perfected.  Electronic 
scanning  of  such  things  as  uniform 
product  codes  has  automated  grocery 
inventory  control  and  is  rapidly  tak- 
ing over  at  the  checkout  counter. 

Indeed,  the  technological  capabil- 
ity exists  for  creating  useful  and 
relevant  market  knowledge  in  a 
rapidly  changing  environment,  and 
for  facilitating  the  ability  of  people 
to  act  upon  that  information. 
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To  date,  applications  have  been  data  processing  and  communications 

made  largely  on  a  piecemeal  basis.  to  market  information  problems  are 

The  potential  benefits  of  a  more  sys-  currently  in  use  and  others  can  eas- 

tematic  development  are  many  and  ily  be  visualized.  The  following 

impressive.  However,  these  systems  vignettes  portray  a  combination  of 

can  be  expensive  to  develop  and  may  existing  and  potential  applications. 

require  use  of  some  safeguards  to  
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Bumbo's  No  Dumbo 

Bumbo's  is  a  hypothetical  firm  with  a  nationwide  chain  of  res- 
taurants. They  want  to  build  warehouses  to  supply  restaurants  in 
a  seven-State  region. 

Their  objective  is  to  select  the  number  and  the  location  of 
warehouses  that  will  result  in  the  most  efficient,  lowest  cost  trans- 
portation of  food  from  their  basic  suppliers  to  their  restaurants, 
while  at  the  same  time  minimize  storage  costs.  A  computer  is  used 
to  analyze  relevant  information  and  assist  in  decision  making. 

Bumbo's  recognizes  that  there  are  relatively  few  fixed  factors  to 
be  considered  and  a  host  of  uncertainties.  They  believe  the  network 
of  interstate  highways  and  other  major  thoroughfares  is  unlikely 
to  change  much  in  the  years  ahead. 

They  also  believe  that  trucks  will  be  their  major  type  of  trans- 
portation. However,  they  recognize  that  freight  rates  are  likely  to 
increase  rapidly  as  energy  costs  and  industry  regulations  change. 

Furthermore,  they  want  to  consider  several  additional  variables, 
including: 

1)  Different  basic  suppliers  at  various  locations  around  the  coun- 
try, 2)  Addition  of  some  new  restaurtants  in  future  years,  along 
with  possible  closing  of  some  existing  restaurants,  3)  Changes  in 
eating  habits  which  would  result  in  menu  changes  and  thus  a 
somewhat  different  product  mix,  4)  Projected  shifts  in  food  pack- 
aging that  will  extend  shelf  life  and  decrease  in-restaurant  prep- 
aration time,  and  5)  Increases  in  per-restaurant  sales  as  eating- 
out  continues  to  grow  in  popularity. 

To  resolve  their  warehouse  questions,  Bumbo's  uses  a  well  de- 
veloped computer  technique  called  spatial  equilibrium  analysis. 
Once  the  computer  digests  information  on  highway,  existing  and 
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potential  restaurant  and  supplier  locations,  costs  of  shipping, 
warehouse  building  and  operating  costs,  and  other  relevant  vari- 
ables, it  can  rapidly  determine  the  number  of  warehouses  needed 
in  the  region  for  the  most  efficient  movement  of  products.  And 
it  can  pinpoint  their  locations. 

Through  another  computerized  technique,  called  parameteriza- 
tion, the  computer  can  demonstrate  how  sensitive  its  warehouse 
number/location  answer  is  to  changes  in  each  of  the  variables 
considered,  including  transportation  costs,  product  sales  and 
other  uncertainties. 

Generating  marketing  information  with  this  type  of  locational 
analysis  is  currently  a  well-accepted  practice  among  many  firms 
involved  in  marketing  food  and  agricultural  products. 


Farmer  McBeef 

Direct  sale  of  farm  products  to  consumers  often  has  considerable 
appeal  both  to  farmers  who  believe  they  can  increase  their  income 
and  to  consumers  who  feel  they  can  obtain  fresher  products  at 
competitive  prices. 

Complexities  include  knowing  where  sales  or  purchase  oppor- 
tunities can  be  found  and  making  reliable  price  comparisons. 

Imagine  a  couple  of  suburban  consumers,  each  of  whom  wants 
to  buy  a  side  of  beef  to  put  into  his  home  freezer.  A  cattle  producer 
in  a  nearby  county  has  steers  ready  for  market.  And  a  small 
meatpacker  on  the  urban  fringe  has  some  excess  butchering 
capacity. 

All  the  elements  are  here  for  a  direct,  custom  processed  sale  of 
beef  from  the  farmer  to  the  town  dwellers— except  for  the  informa- 
tion necessary  to  bring  everyone  together. 

Now  imagine  a  computer  system  that  accepts,  stores,  sorts,  com- 
piles, matches  and  supplies  information  on  farmers  who  have  beef 
animals  for  sale,  meatpackers  with  custom  slaughtering  capacity, 
and  consumers  who  want  to  buy  freezer  beef. 

The  farmer  might  call  his  county  extension  agent  with  informa- 
tion on  cattle  he  has  to  sell,  their  quality,  when  they  are  available, 
his  asking  price,  and  so  on.  The  county  agent  enters  that  informa- 
tion in  a  computer  using  a  remote  terminal  in  his  office. 

The  meatpacker  can  mail  a  notice  of  his  custom  slaughtering 
capabilities  and  charges  directly  to  the  computer  service,  where  the 
information  is  entered  into  the  computer's  memory. 

The  consumers  stop  by  a  computer  terminal  in  a  local  shopping 
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center  or  store  to  inquire  about  buying  opportunities  and  costs, 
or  to  enter  a  desire  to  buy  into  the  computer's  memory. 

With  similar  information  compiled  from  many  people,  the  com- 
puter can  quickly  respond  to  each  inquiry  with  information  on  sell- 
ing or  buying  opportunities  and  comparative  prices  and  costs. 
Basically,  the  computer  matches  buyers  and  sellers  by  providing 
users  with  "best  trading  opportunity"  information,  and  eliminates 
much  of  the  cost  of  individual  searches  and  missed  opportunities. 

A  system  like  this  for  beef  has  been  operated  on  a  pilot  basis 
by  the  Kentucky  extension  service  and  similar  systems  have  been 
designed  elsewhere,  primarily  for  fresh  fruits  and  vegetables. 


Mini  the  Computer 

In  developing  a  marketing  strategy,  farmers  must  consider  a 
large  array  of  factors.  These  include  information  on  immediate 
marketing  opportunities,  prices  being  paid  by  buyers  at  different 
locations,  quality  premiums  and/or  discounts,  and  transportation 
costs  by  various  shipping  methods  to  alternative  buyers. 

Also,  to  be  considered  are  storage  costs  and  availability  of 
warehouse  capacity,  probabilities  of  product  degradation  in  storage 
and/or  in  transit,  production  costs,  opportunities  to  contract  for  fu- 
ture delivery,  prices  being  offered  for  future  delivery,  competition 
from  other  sellers,  overall  levels  of  product  availabililty  and  use, 
current  and  expected  developments  in  world  markets,  and  futures 
market  prices. 

Additionally,  the  farmer  may  have  several  objectives  he  is  trying 
to  achieve.  Some  may  be  inconsistent  with  others. 

For  example,  achieving  the  highest  price  may  not  be  consistent 
with  minimizing  the  risk  of  selling  at  a  loss.  Or  maximizing  profits 
may  not  coincide  with  the  objectives  of  maintaining  long-term 
sales  oportunities,  reducing  tax  exposure,  or  achieving  a  targeted 
rate  of  return  on  investment. 

An  on-farm  microcomputer,  when  properly  programmed  and 
complemented  with  available  information,  provides  the  farmer 
with  a  powerful  tool  for  analyzing  marketing  oportunities  and 
examining  trade-offs  between  different  strategies  and  objectives. 

The  computer  can  consider  a  myriad  of  factors  specific  to  an 
individual  farm  business  — such  as  the  relationship  between  the 
farmer's  grain  storage  capacity,  storage  costs,  quality  degradation, 
and  historic  and/or  expected  time-related  price  differentials— and 
determine  the  best  combination  of  all  such  factors  in  terms  of  meet- 
ing any  number  of  specified  goals. 
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Much  information  not  generated  within  the  farm  business  itself 
can  be  obtained  directly  from  computerized  data  banks  around  the 
country  and  from  other  electronic  sources. 

For  example,  the  farm  computer  might  access,  by  telephone,  a 
distant  data  bank  that  includes  historic  and  current  futures  mar- 
ket prices  and  spot  market  prices  at  several  locations.  Another 
data  bank  accessed  provides  information  on  commercial  storage 
capacities  and  costs,  location-specific  shipping  rates  and  other 
handling  costs.  Still  a  third  bank  gives  crop  condition  information 
gathered  by  space  satellites. 

The  computer  can  obtain  relevant  information  on  the  farm  itself 
from  the  data  already  stored  in  the  computer's  memory  from  its 
recordkeeping  and  accounting  activities. 

The  computer  can  be  programmed  to  compare  alternative  mar- 
keting strategies,  select  the  one  that  best  meets  the  farmer's  goals, 
and  even  implement  parts  of  the  selected  plan  such  as  issuing  a 
"sell"  command  to  a  commodity  broker.  Some  farmers  already  have 
microcomputers  that  can  do  parts  of  this  task,  and  computer 
capability  is  rapidly  being  developed  to  bring  about  more. 


Buying  Groceries  Via  TV 

Think  of  a  homemaker  doing  grocery  shopping  on  a  TV  set.  The 
TV  is  connected  to  a  keyboard  and,  through  a  telephone,  to  com- 
puterized catalogs  of  food  and  other  products  sold  at  various  stores. 

By  depressing  a  key  on  the  keyboard  that  corresponds  with,  say, 
Colossal  City  Supermarket,  the  total  offerings  of  that  vendor  can 
be  flashed  on  the  TV  screen  product  by  product. 

Keying  in  other  selections  can  call  forth  listings  on  specific 
products  and  even  on  specified  brands.  Nutritional  and  other  user 
information  also  can  be  obtained.  Through  other  keys,  similar 
offerings  from  other  stores  may  be  displayed. 

With  a  few  simple  instructions  to  the  computer  which  controls 
this  system,  the  homemaker  can  compile  a  file  of  items  being  con- 
sidered for  purchase.  The  file  can  be  displayed  on  the  TV  screen, 
showing  comparative  information  by  vendor,  including  both 
product  and  unit  prices. 

From  this  listing,  the  shopper  can  select  the  vendor  that  offers 
the  desired  list  of  products  at  the  lowest  total  cost,  or  divide  the  list 
among  bargains  by  different  sellers  in  order  to  minimize  total 
expenditures. 

Further  refinements  in  the  system  could  enable  the  homemaker 
to  instruct  the  computer  to  actually  place  orders  for  the  selected 
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items  once  final  choices  are  made.  Also,  automatic  shopping  could 
be  accomplished  whereby  the  computer  would  alert  the  shopper  of 
price  and/or  product  changes  that  affect  the  choice  of  a  standard 
list  of  goods,  and  otherwise  automatically  order  preselected  goods 
on  a  use-based  time  schedule. 

Technology  for  this  type  of  in-home  food  shopping  currently 
exists.  While  major  applications  for  grocery  buying  are  yet  to  be 
developed,  similar  systems  are  already  in  use  for  obtaining  com- 
parative food  price  information  in  certain  metropolitan  areas. 
Some  national  dry  goods  merchants  are  establishing  electronic 
catalogs  as  replacements  for  printed  versions. 


Hoggish  Dilemma 

Consider  a  hog  producer  in  Illinois,  producing  about  100  head  of 
high  quality  market  hogs  every  two  weeks  or  so.  Assume  there  is  a 
meatpacker  about  30  miles  away  who  will  purchase  his  hogs  deliv- 
ered to  the  plant,  at  "25-75  cents  over  the  market"  as  represented 
by  the  packer's  posted  purchase  price  for  that  day,  "depending  upon 
quality." 

Assume  a  hog  dealer  has  a  buying  station  about  15  miles  away 
who  will  purchase  hogs  on  private  treaty.  That  is,  at  a  price 
negotiated  between  the  dealer  and  the  farmer.  Assume  there  are 
no  other  hog  buyers  within  60  miles. 

Now,  consider  the  farmer's  dilemma.  He  can  deliver  his  hogs  to 
either  the  buying  station  or  the  packing  plant  and  hope  he  receives 
a  "fair"  price.  Of  course,  he  loses  much  of  his  bargaining  strength 
once  the  hogs  are  delivered,  as  it  is  expensive  to  reload  and  take 
them  somewhere  else. 

Or  he  can  phone  each  of  the  buyers  and  get  a  price  quote  before 
he  ships,  and  compare  those  quotes  with  news  reports  on  hog 
prices.  Of  course,  the  buyers  are  only  estimating  the  quality  and 
probably  the  weight  of  his  hogs.  And  the  news  reports  are  for  "av- 
erage" quality  hogs  as  reported  by  unknown  buyers  and  may,  but 
probably  don't,  reflect  a  realistic  selling  opportunity  for  this 
farmer. 

As  a  third  possibility,  the  farmer  can  use  a  computer  terminal  to 
access  a  large-scale  computerized  auction  that  is  also  being  used 
by  several  other  farmers  and  distant  buyers.  He  uses  an  elec- 
tronic scanner  in  his  hog  barn  to  determine  the  quality  and  the 
weight  of  his  hogs. 

The  computer  then  tells  him  how  many  similar  and  dissimilar 
hogs  have  been  sold  today  and  historically,  at  what  prices,  to  whom 
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and  from  what  locations,  how  many  are  currently  available  for 
sale,  and  even  how  many  are  likely  to  become  available  in  the 
future  based  upon  electronic  surveys  of  hog  production.  Using  this 
information  the  computer  estimates  the  most  likely  market  price 
for  his  hogs. 

If  the  farmer  chooses,  he  can  instruct  the  computer  to  sell  his 
hogs  to  the  highest  bidder,  for  either  current  or  future  delivery.  The 
computer  flashes  his  sales  offering  to  the  computer  terminals  of 
numerous  buyers,  solicits  bids,  and  awards  the  sale  to  the  highest 
bidder  (assuming,  of  course,  that  the  high  bid  meets  or  exceeds  the 
farmer's  minimum  asking  price).  The  computer  automatically 
adjusts  buying  and  selling  prices  for  shipping  costs  and  issues  de- 
livery instructions,  invoices,  checks,  and  other  market  clearing 
information. 

Electronic  trading  systems  that  perform  many  of  these  market- 
ing functions  are  currently  in  commercial  operation  for  eggs,  and 
experimental  systems  have  been  used  for  selling  feeder  cattle, 
slaughter  hogs  and  market  lambs.  Technology  for  this  full  array  of 
activities  exists  and  applications  in  actual  market  situations  are 
steadily  progressing. 
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Marketing's  Frailties,  Faults,  and  Frustrations 

By  B.'Marion  and  J.  voniElbe 


John  was  discouraged.  He  and  his 
family  had  developed  a  new  type 
of  cereal.  Neighbors  and  friends  on 
whom  they  had  tested  the  product 
raved  about  it.  It  was  a  flavorful, 
nutritious,  whole  grain  cereal  and 
relatively  low  in  price.  A  local  gro- 
cery store  had  done  well  in  selling 
the  cereal. 

John  thought  it  was  time  to  ex- 
pand, and  began  contacting  chain 
stores  and  grocery  wholesale  buyers 
in  nearby  metropolitan  areas.  Al- 
though consumer  reactions  had  been 
positive  toward  his  product,  chain 
and  wholesale  buyers  were  consis- 
tently negative.  One  of  their  first 
questions  was  how  much  advertising 
was  planned  to  promote  the  product. 
Cereals  are  sold  by  advertising,  he 
was  told. 

The  chain  buyers  were  also  con- 
cerned about  the  volume  he  could 
supply.  They  were  not  interested  un- 
less they  could  carry  it  in  all  their 
stores.  Besides,  in  selling  through  a 
broader  distribution  network,  the 
whole  grain  nature  of  the  cereal 
would  result  in  problems  of  rancidity 
unless  a  preservative  was  added. 
Turnover  would  not  be  fast  as  in 
John's  local  grocery  store. 

John  got  the  feeling  that  most  of 
the  buyers  just  didn't  want  to  bother. 
With  shelf  space  at  a  premium,  why 
should  they  fiddle  around  with  a  new 
product  from  a  small  family  opera- 
tion when  the  major  cereal  com- 
panies kept  their  retail  shelves  full? 

So  John  went  home  with  a  new 
image  of  the  U.S.  food  marketing 


system.  He  had  always  been  told  that 
in  the  U.S.  market  economy,  consum- 
ers dictate  what  is  produced  by  their 
behavior  in  the  marketplace.  He  now 
realized  that  while  this  ultimately 
may  be  true— a  lot  of  factors  influ- 
ence consumer  decisions  in  choosing 
among  products.  Firms  in  the  mar- 
keting system  have  a  substantial  in- 
fluence over  that  choice  through  ad- 
vertising and  the  products  they  de- 
cide to  produce  or  stock.  Providing  a 
better  cereal  at  a  lower  price  doesn't 
do  much  good  if  consumers  get  no 
chance  to  buy  it. 

Oriented  to  Mass  Market 

The  U.S.  food  marketing  system  has 
become  highly  industrialized.  Large 
food  manufacturers  and  food  retail- 
ers, primarily  oriented  toward  the 
mass  market,  are  the  main  sources  of 
power  and  control  in  the  system. 
Movement  of  many  products  through 
the  system  is  orchestrated  by  con- 
tracts and  standing  agreements. 

The  characteristics  described  have 
brought  some  of  the  benefits  talked 
about  in  other  chapters.  However, 
they  have  also  resulted  in  roadblocks 
and  limitations  — the  focus  of  this 
chapter. 

As  John  found  out,  opportunities 
for  small  companies  fell  off  as  the 
food  marketing  system  became  in- 
dustrialized. Small  farmers  now  have 
difficulties  finding  buyers  for  their 
products  and  often  are  penalized 
price-wise.  Small  food  manufacturers 
find  it  hard  to  compete  with  big 
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With  the  growing  industrialization  of  the  food  marketing  system, 
competition  in  many  markets  and  industries  has  declined. 


manufacturers  and  to  supply  large 
retailers. 

The  number  and  market  share  of 
independent  retailers  and  restau- 
rants has  dropped.  Thus,  opportuni- 
ties for  entrepreneurs  with  ideas  to 
enter  the  food  system  have  shrunk. 

With  the  growing  industrialization 
of  the  food  system,  competition  in 
many  markets  and  industries  de- 
clined. For  example,  four  companies 
account  for  about  90  percent  of  the 
soft  drinks  sold  in  the  United  States. 
The  leading  four  cereal  manufactur- 
ers have  over  80  percent  of  ready-to- 
eat  cereal  sales.  Three  companies 
produce  nearly  90  percent  of  the  cake 
mixes  sold. 

In  food  retailing,  the  four  largest 
food  chains  in  Denver,  Washington, 
D.C.,  and  many  smaller  markets  ac- 
count for  about  90  percent  of  the 
supermarket  business.  Metropolitan 
areas  such  as  Cincinnati  and  Macon, 


Ga.,  are  clearly  dominated  by  one 
supermarket  chain. 

Considerable  research  tells  us  that 
when  relatively  few  firms  hold  most 
of  the  sales  in  a  market  or  industry, 
competition  deteriorates,  prices  tend 
to  rise,  and  efficiency  and  progres- 
siveness  fall  off. 

Although  competition  is  inade- 
quate in  several  parts  of  the  food 
system,  it  is  not  a  universal  problem. 
But  lack  of  competition  is  most  com- 
mon and  has  the  most  serious  con- 
sequences in  food  industries  with 
highly  advertised  products—  and 
where  private  label  or  generic 
products  are  unimportant. 

Conglomerates 

For  our  purposes,  conglomerates  are 
companies  operating  in  two  or  more 
industries.  Hence,  General  Foods, 
although  primarily  a  food  company, 
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is  a  conglomerate  since  it  functions  in 
several  food  manufacturing  indus- 
tries (cereals,  coffee,  frozen  foods,  dog 
food)  as  well  as  in  the  restaurant 
industry. 

Few  people  realize  the  size  or  de- 
gree of  involvement  of  conglomerates 
in  the  food  system.  The  degree  of 
diversification/conglomeration  has 
also  increased,  particularly  via  merg- 
ers. For  example: 

■  Greyhound  owns  Armour 

■  R.J.  Reynolds  owns  Del  Monte 

■  Philip  Morris  owns  Miller 
Brewing 

■  Nestles  owns  Libby  and 
Stouffers 

■  General  Foods  owns  Oscar 
Mayer 

■  Pillsbury  owns  Green  Giant 
These  are  but  a  few  of  the  mergers 

and  acquisitions  that  have  occurred 
during  the  last  two  decades.  Through 
a  series  of  mergers,  Beatrice  Foods 
Co.  now  produces  such  diverse  prod- 
ucts as  Meadow  Gold  milk  and  ice 
cream,  La  Choy  Chinese  foods, 
Sunbeam  bread,  Clark  candy  bars, 
Eckrich  meats,  Samsonite  luggage, 
Airstream  trailers  and  Hart  sports 
equipment. 

Conglomerates  can  compete  in 
ways  not  available  to  the  more 
specialized  companies.  Tremendous 
total  resources  are  often  at  their  dis- 
posal, allowing  them  to  outspend, 
outlose  and  outlast  more  specialized 
companies. 

When  two  large  conglomerates  en- 
gage in  a  competitive  dogfight,  as 
General  Foods  and  Procter  &  Gamble 
did  in  a  contest  for  the  Eastern  U.S. 
coffee  business,  more  specialized 
companies  often  find  themselves  first 
on  the  sidelines  — unable  to  give 
battle  — and  then  out  of  business. 

Research  shows  that  a  conglomer- 


ate acquisition  of  a  food  manufactur- 
ing company  is  generally  followed  by 
a  significant  increase  in  advertising. 
Up  to  now  the  antitrust  agencies 
have  never  challenged  "predatory" 
advertising— even  though  the  con- 
sequences are  similar  to  predatory 
pricing,  which  is  illegal. 

Consumers  Swayed 

Food  products  are  among  the  most 
advertised  products  in  our  U.S. 
economy.  When  skillfully  done,  ad- 
vertising obviously  influences  con- 
sumer choice  of  brands  even  if  no 
physical  differences  exist. 

For  example,  consumers  have  been 
willing  to  pay  30  to  50  percent  more 
for  ReaLemon  than  for  identical  con- 
centrated lemon  juice  under  another 
brand.  Many  private  label  products 
compare  in  quality  with  advertised 
brands  and  sell  for  much  less— yet  a 
substantial  number  of  consumers 
continue  to  buy  advertised  brands. 

Intelligently  choosing  between  al- 
ternative products  in  the  American 
economy  is  time-consuming  and  dif- 
ficult; many  consumers  choose  to  rely 
on  brand  names  in  making  those 
choices.  For  this  reason,  large  firms 
with  the  knowhow  and  finances  to 
effectively  use  advertising  enjoy  a 
great  advantage  over  smaller  com- 
panies. Profits  tend  to  be  far  bigger 
in  industries  with  heavy  advertising, 
such  as  soft  drinks  and  ready-to-eat 
cereals. 

Of  long  run  concern  is  the  effect  of 
advertising  on  consumption  patterns 
and  ultimately  on  nutrition.  If  heavy 
advertising  of  soft  drinks,  for  exam- 
ple, results  in  consumption  shifting 
from  milk  and  toward  soft  drinks, 
what  are  the  implications  for 
nutrition? 
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Highly  processed  products  tend  to 
be  more  heavily  advertised  than 
basic  products.  Many  nutritionists 
consider  highly  processed  items  as 
nutritionally  inferior  to  the  more 
basic  ones. 

Thin  Side  of  the  Coin 

As  more  exchange  in  the  food  system 
occurs  via  contracts  and  vertical  in- 
tegration (ownership  by  a  firm  of  one 
or  more  of  its  suppliers  or  customers), 
declining  portions  of  some  products 
are  sold  in  "open  markets." 

"Formula  pricing"— where  the 
product  price  is  determined  by  a  base 
price  in  another  market— is  used 
widely.  For  example,  the  vast  major- 
ity of  cheese  in  the  United  States  is 
formula  priced  using  the  National 
Cheese  Exchange  as  a  base.  The  lat- 
ter accounts  for  less  than  1  percent 
of  cheese  sold  in  the  United  States. 
Hence  a  market  price  for  less  than  1 
percent  of  the  cheese  is  used  to  price 
the  remaining  99  percent. 

"Thin  markets"  of  this  type  may 
perform  well,  and  the  available  evi- 
dence indicates  that  is  true  of  the 
National  Cheese  Exchange.  Yet  op- 
portunities for  manipulation  and  in- 
accurate price  signals  are  greater 
than  with  markets  representing  a 
greater  share  of  total  volume. 

Thin  markets  or  price  reports 
based  upon  a  small  share  of  total 
volume  occur  in  butter,  beef,  eggs,  ' 
sugar  and  in  certain  fruits  and 
vegetables. 

Impediments  to  Technology 

Some  technologies  require  coopera- 
tion at  more  than  one  stage  in  the 
food  system.  For  instance,  the  uni- 
versal product  code  and  electronic 
scanning  in  supermarkets  depend 


upon  food  manufacturing  and  food 
retailing  companies  working  closely 
together.  Unfortunately,  manufactur- 
ers may  wait  for  retailers  and  vice 
versa,  resulting  in  substantial  delays 
in  implementing  improved  technol- 
ogy. Some  of  the  greatest  potential 
gains  in  efficiency  and  coordination 
require  cooperation  throughout  the 
food  system. 

New  technology  may  be  actively 
opposed  by  participants  in  the  sys- 
tem. For  example,  electronic  trading 
of  some  commodities  holds  the  poten- 
tial for  broadening  markets,  increas- 
ing the  competition  and  increasing 
market  information.  However,  elec- 
tronic markets  may  eliminate  or  re- 
duce the  need  for  certain  partici- 
pants, who  may  actively  oppose  such 
markets. 

Moderate  sized  firms  in  industries 
with  healthy  competition  appear  to 
be  the  most  progressive  in  imple- 
menting new  ideas  and  technology. 
Hence,  industries  with  ineffective 
competition  tend  to  be  slower  in 
adopting  new  technology;  likewise 
for  small  companies. 

Transportation  and  storage 
facilities  and  rates  have  a  strong 
effect  upon  the  location  of  produc- 
tion and  processing  and  the  smooth- 
ness with  which  the  system  operates. 

The  U.S.  transportation  system  is 
in  transition  as  railroads,  a  major 
carrier  of  agricultural  products,  are 
struggling  to  adapt  and  survive. 
Through  mergers  and  bankruptcies, 
the  40  Class  I  rail  carriers  are  ex- 
pected to  decline  to  about  10  by  1990. 

As  railroads  attempt  to  adjust  to 
shifts  in  the  location  of  agricultural 
production  and  competition  from 
trucks  and  barges,  continued  rail 
abandonment — particularly  in  the 
Midwest  and  East— can  be  expected. 
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The  U.S.  transportation  system,  so  vital  to  marketing,  is  in  transition  as 
railroads  struggle  to  adapt  and  survive. 


This  will  impose  hardships  on  indi- 
vidual businesses  and  communities 
affected  but  may  be  essential  for  rail- 
roads to  survive. 

One  of  the  competitive  advantages 
of  barges  has  been  free  access  to 
waterways  and  locks.  However,  if 
proposals  are  implemented  to  recover 
the  costs  of  operating  locks  and 
waterways,  the  competitive  balance 
would  shift  back  towards  railroads. 

Given  the  large  and  inflexible  in- 
vestment in  rail  lines,  waterways, 
and  rail  or  barge  equipment,  the 
major  challenge  facing  the  transpor- 
tation system  is  in  adjusting  with 
sufficient  speed  to  changes  in  the 
location  of  production  and  markets, 
and  to  public  policy  shifts. 

"Natural"  Foods 

Considerable  misunderstanding  has 
emerged  during  the  last  15  years 
over  food  processing,  and  particu- 
larly the  use  of  additives  and  preser- 
vatives. The  words  "natural,"  "no 
preservatives"  and  "no  artificial  ad- 
ditives" are  embraced,  while  any- 
thing that  smacks  of  chemical 
treatment  is  viewed  with  alarm. 


Because  of  consumer  interest  about 
nutrients  and  additives,  companies 
manufacturing  food  products  have 
also  become  concerned.  However, 
worries  over  additives  and  preserva- 
tives are  in  some  cases  overdrawn  or 
misdirected  and  pose  roadblocks  for 
the  food  system. 

A  natural  product,  just  because  it 
is  "natural,"  is  not  necessarily  safe. 
Some  plants  used  as  foods  contain 
naturally  occurring  toxicants.  They 
occur  in  minute  amounts  which  our 
bodies  can  tolerate.  Still,  if  subjected 
to  the  same  FDA  screening  as  food 
additives,  these  plants  would  never 
be  permitted  for  use. 

Food,  both  plant  and  animal,  when 
harvested  immediately  undergoes 
changes.  Meat  will  spoil  rapidly  if 
not  handled  properly.  Green  peas 
continue  their  metabolism  after  har- 
vest, building  starch;  their  textural 
quality  will  fall  off  if  they  are  not 
processed  immediately.  Processing  at- 
tempts to  retard  or  minimize  such 
changes.  Our  industrialized  food  sys- 
tem and  the  expectations  of  consum- 
ers for  products  year-round  require 
processing  of  many  foods. 
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The  techniques  are  many.  Foods 
can  be  preserved  by  removing  heat 
(freezing)  or  adding  it  (canning), 
removing  water  (concentration  or 
dehydration),  adding  chemical  pre- 
servatives (sugar,  salt),  removing 
microorganisms  or  keeping  microor- 
ganisms out  (asepsis),  controlling  the 
growth  and  types  of  microorganisms 
(fermentation),  and  maintaining 
conditions  limiting  the  growth  of 
microorganisms  or  the  metabolic  rate 
of  plant  tissue  (packaging,  atmos- 
pheric storage). 

None  of  these  ways  is  perfect.  All 
cause  some  alterations  in  the  food. 
Any  method  available  brings 
about  changes  in  one  or  all  food  qual- 
ity attributes  (flavor,  color,  texture, 
nutrition). 

Help  From  Additives 

Some  changes  have  been  minimized 
through  approved  additives.  Addi- 
tives can  prevent  destruction  of  pro- 
ducts by  microorganisms,  changes  in 
flavor,  texture  or  color,  and  nutri- 
tional alterations. 

This  practice  has  sometimes 
been  criticized  because  additives  are 
chemicals.  Indeed  they  are,  but  so 
are  foods.  In  fact,  all  of  our  foods  are 
an  extremely  complex  mixture  of 
chemicals. 

In  most  cases,  dangers  posed  by 
additives  are  far  less  than  those  that 
would  exist  without  them.  For  exam- 
ple, the  products  of  fat  oxidation  are 
a  far  greater  health  hazard,  in  our 
opinion,  than  adding  a  fractional 
percent  of  a  tested  and  approved 
additive  to  prevent  such  oxidation. 

Given  the  present  food  system,  ad- 
ditives are  needed  for  an  adequate 
food  supply  and  the  variety  of  prod- 
ucts to  which  consumers  have  be- 
come accustomed.  To  do  without  food 


Regulations  in  the  food  industry 
may  need  adjustments,  but  seldom 
should  be  abandoned.  For  instance, 
poultry  plant  inspection  laws  may 
be  a  constraint,  particularly  to  small 
plants,  but  provide  assurance  to 
consumers  that  products  are 
slaughtered  and  processed  in 
sanitary  facilities. 

additives  would  mean  a  return  to 
food  preparation  in  the  kitchen  with 
limited  availability  of  products. 

Thousands  of  additives  are  recog- 
nized by  the  Food  and  Drug  Ad- 
ministration. Any  additives  found  to 
pose  health  problems  are  likely  to  be 
a  tiny  percentage  of  that  total. 

This  is  not  to  say  that  those  who 
choose  to  avoid  additives  in  their 
foods— to  the  extent  they  can— are 
completely  without  reason.  The  con- 
sumption of  salt  is  a  good  example. 
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Labeling  Needed 

Used  for  years  as  a  preservative  and 
seasoning,  salt  now  has  been  found  to 
be  related  to  high  blood  pressure  and 
hypertension.  For  the  increasing 
number  of  Americans  with  these 
problems,  being  able  to  select  food  on 
the  basis  of  salt  content  is  extremely 
important. 

Unfortunately,  labels  on  most  food 
products  do  not  indicate  the  amount 
of  salt  included.  A  relatively  simple 
change  in  labeling  would  remove  this 
obstacle  for  those  worried  about 
hypertension  and  allow  consumers 
to  demonstrate  their  preferences  for 
different  salt  levels  through  their 
purchases.  The  level  of  sugar  or  car- 
bohydrates in  food  products  should 
also  be  considered  for  inclusion  on 
labels. 

Food  additives  play  an  essential 
role  in  our  industrialized  food 
system.  While  consumers  should 
be  informed  about  the  content  of 
their  food,  a  blanket  indictment 
of  additives  and  preservatives 
is  unwarranted. 

It  is  fashionable  to  favor  deregula- 
tion of  many  aspects  of  our  economy. 
In  the  food  system,  adjustments  in 
regulations  are  often  more  appro- 
priate than  total  abandonment  of 
regulations.  Nearly  all  regulations 
benefit  some  and  cost  others.  "One 
man's  tonic  is  another  man's  poison." 

Some  regulations,  such  as  those 
enforced  by  the  Food  and  Drug  Ad- 
ministration or  the  Environmental 
Protection  Agency,  are  aimed  at  pro- 
tecting the  broad  public  interest. 
Others  such  as  import  restrictions  on 
certain  products  are  primarily  aimed 
at  protecting  a  special  interest 
group— the  producers  and  manufac- 
turers of  the  products. 


To  define  those  regulations  or 
policies  that  are  bottlenecks  or  con- 
straints, one  must  identify  to  whom 
they  are  constraints.  Meat  and  poul- 
try plant  inspection  laws  are  a  con- 
straint to  small  plants  particularly, 
but  provide  assurance  to  the  public 
at  large  that  products  are  slaugh- 
tered and  processed  in  acceptably 
sanitary  facilities. 

Competition 

The  least  burdensome  regulation 
that  will  achieve  the  desired  end  is 
generally  preferred.  Thus,  regula- 
tions to  encourage  and  protect  com- 
petition are  normally  preferred  to 
direct  control  of  prices  and  profits. 

The  drop  in  competition  in  several 
areas  of  the  food  system  is  a  cause  of 
concern.  Antitrust  laws,  as  enforced, 
have  failed  to  restore  effective  com- 
petition, once  it  has  been  lost.  The 
antitrust  laws  have  been  successful 
primarily  as  a  holding  action  — 
helping  to  preserve  competition  in 
industries  that  are  reasonably 
competitive. 

However,  present  law  does  not 
allow  antitrust  agencies  to  effectively 
challenge  industries  where  the  lack 
of  competition  results  in  substantial 
overcharges  to  consumers.  The  large 
majority  of  conglomerate  mergers  are 
also  relatively  immune  from  existing 
antitrust  law.  If  competition  is  to  be 
restored  in  those  industries  where  it 
is  now  weak,  new  laws  probably  will 
be  required. 

The  number  of  regulations  to  pro- 
tect consumers  has  increased  sig- 
nificantly during  the  last  20  years. 
Many  have  brought  benefits  to 
consumers  —  and  in  some  cases  to  the 
food  industry.  At  the  same  time,  reg- 
ulations also  pose  a  burden  and  cost 
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to  the  industry.  In  some  cases  alter- 
native types  of  regulations  could  ac- 
complish the  stated  objective  with 
less  burden  and/or  cost  to  the  food 
system. 

"Drained  Weight" 

The  recent  proposal  of  "drained 
weight"  labeling  is  an  example.  On 
the  surface  it  seems  plausible  that 
each  label  of  a  canned  item  (fruits 
and  vegetables)  carry  a  weight  decla- 
ration indicating  the  solid  content  in 
that  can.  But  it's  not  that  easy. 

The  drained  weight  of  a  canned 
product  is  determined  by  emptying 
the  contents  of  a  market  ready  con- 
tainer upon  a  mesh  screen.  The 
product  is  allowed  to  drain  for  two 
minutes  and  then  the  solid  portion 
is  weighed. 

Drained  weight  can  only  be  deter- 
mined after  the  can  is  sealed  and 
sterilized.  Therefore,  determining 
drained  weight  requires  destructive 
sampling,  the  loss  of  product  and 
container.  This  would  increase  pro- 
duction cost  and  ultimately  cost  to 
the  consumer. 

The  U.S.  canning  industry  has 
suggested  "fill  weight"  declaration 
as  an  alternative.  Fill  weight  is  the 
amount  of  solid  product  placed  in  the 
can.  It  is  thus  comparable  to  drained 
except  it  weighs  the  solid  portion  be- 
fore rather  than  after  canning.  Use- 
fulness of  fill  weight  to  consumers 
would  be  very  similar  to  drained 
weight.  Fill  weight  does  not  require 
destruction  of  valuable  food  and 
would  be  less  costly  to  both  consum- 
ers and  the  industry. 
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Young  Adults,  Other  Food  Industry  Challenges/ 

By  H.S.  JRicker  and  W.H.I  Tallent 


Our  food  marketing  system  is  a 
complex  arrangement  of  firms 
that  try  to  balance  the  needs  and  the 
wants  of  both  farmers  and  con- 
sumers. 

Farmers  expect  that  the  mar- 
ketplace will  take  all  they  can  pro- 
duce whenever  they  are  ready  to  sell. 
Consumers  take  it  for  granted  that 
the  type  of  food  they  want  will  be 
there  when  they  want  it  and  at 
reasonable  prices. 

It  is  a  testimonial  to  our  food  sys- 
tem and  its  many  participants  that 
their  expectations  are  so  high.  A 
challenge  for  the  future  is  our  ability 
to  continue  to  live  up  to  these  expec- 
tations. Some  people  look  to  the  fu- 
ture and  say  it  may  not  be  possible, 
but  we  will  discuss  some  examples  of 
the  changes  taking  place  and  the 
challenges  they  offer  in  marketing. 

By  the  end  of  this  decade  a  third  of 
our  population  will  be  young  adults. 
Predictions  are  that  the  average 
household  will  decrease  to  2.4  per- 
sons from  today's  2.8,  and  in  more 
than  half  of  the  new  households 
established  during  the  80's  both 
spouses  will  be  employed.  This 
means  increased  demand  for  more 
convenience  foods. 

Busy  working  homemakers— 
whether  parents,  couples,  or  singles, 
will  want  more  food  products  that  are 
quick  and  easy  to  prepare:  just  drop 
the  package  in  boiling  water  for  five 
minutes,  or  warm  to  serve  in  the 
microwave  oven.  And  they  will  want 


more  food  packaged  in  single  or 
double  servings. 

Sins  of  the  System 

We  do  not  have  a  perfect  marketing 
system.  Although  the  marvel  of  the 
world,  it  is  not  automatic.  Insta- 
bilities arise  from  depending  upon 
human  judgments  made  by  indepen- 
dent individuals,  the  vagaries  of 
weather,  livestock  replenishment  cy- 
cles, supply,  demand,  and  related 
fluctuating  prices. 

Farmers  are  critical  of  marketing 
margins— the  difference  between 
what  they  get  when  they  sell  their 
commodity  and  what  the  consumer 
pays  for  it.  Consumers  complain 
about  the  high  price  of  food  they  buy 
even  though  it  appears  to  be  a  bar- 
gain in  comparison  with  other  de- 
veloped countries. 

While  these  may  be  time-honored 
complaints,  the  fact  is~that  about 
two-thirds  of  the  consumer's  food  dol- 
lar goes  for  marketing  costs.  An 
added  dilemma  is  that  neither  the 
farmers  nor  consumers  know  whom 
to  blame  for  the  wide  marketing 
margins. 

If  the  marketing  system  had  been 
evaluated,  examined,  and  researched 
like  the  production  system,  we  would 
be  better  able  to  identify  specific 
causes  and  possibly  resolve  them. 
But  understanding  and  improving 
the  system  is  a  challenge  for  the  fu- 
ture that  may  be  difficult  to  meet, 
given  limited  financial  resources  and 
other  national  priorities. 
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Nutrition  and  Health 

Another  challenge  to  the  market- 
ing system  is  the  growing  sophisti- 
cation of  public  attitudes  regarding 
nutrition  and  health. 

Controversy  about  specific  cause 
and  effect  relationships  like  choles- 
terol and  heart  disease  notwithstand- 
ing, there  is  an  emerging  consensus 
among  health  professionals  that 
what  we  eat  does  affect  how  long  and 
how  well  we  live. 

Spectacular  advances  against  overt 
vitamin  and  mineral  deficiency  syn- 
dromes and  infectious  diseases  were 
the  major  medical  accomplishments 
of  past  decades.  Nutrition  as  a  more 
subtle  and  general  determinant  of 
health  and  longevity  is  the  next  fron- 
tier. Ever  better  educated  and  in- 
formed consumers  are  becoming 

The  Food  Dollar: 

Processing  and  Distribution  Costs 

Exceed  Farm  Value 

Marketing  bill  61? 
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more  and  more  aware  of  this,  and  it 
is  increasingly  influencing  their  food 
choices.  The  old  adage  in  food  mar- 
keting circles  that  "you  can't  sell 
nutrition"  is  no  longer  true. 

Technology  exists  or  is  on  the  hori- 
zon to  enable  the  food  marketing  sys- 
tem to  respond  to  consumer  prefer- 
ences for  more  convenient  products 
with  better  nutritional  quality. 

Among  innovations  are  better 
preservation  and  flexible  packaging. 
The  two  go  hand  in  hand. 

Flexible  packages  can  readily  be 
designed  to  increase  the  efficiency  of 
preservation  treatment.  With  thin 
profiles  and  large  surface  areas,  for 
example,  the  preservation  process 
can  be  speeded  up. 

More  effective  preservation  in  turn 
means  better  storability,  thereby 
enhancing  the  usefulness  of  flexible 
packaging  for  ready  to  eat  and  warm 
and  serve  foods. 

Standardizing 

At  the  same  time  flexible  packaging 
could  also  help  pave  the  way  for 
major  changes  in  the  handling  of  food 
products.  By  eliminating  the  need  for 
some  of  the  cans  and  bottles,  the  food 
manufacturing  industry  might  be 
encouraged  to  move  toward  adopting 
a  few  standard  sized  shipping 
containers. 

In  one  warehouse  stocking  5,000 
grocery  items,  there  were  2,587  differ- 
ent sizes  of  shipping  containers. 
Variable  sized  containers  require 
special  handling  and  result  in  ineffi- 
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Today's  consumers  are  more  aware  of  the  nutritional  value  of  food  and 
it  reflects  in  their  food  choices. 


cient  use  of  space  in  warehouses,  as 
components  of  mixed  loads  in  trucks, 
and  in  the  retail  stores. 

The  challenge  is  that  one  size  may 
be  efficient  for  a  manufacturer  but 
inefficient  for  firms  handling  the 
products  because  other  manufactur- 
ers use  different  sizes. 

Examples  of  specific  new  develop- 
ments in  preservation  and  flexible 
packaging  are  respectively  irradia- 
tion and  the  retortable  pouch.  Irradi- 
ation has  been  described  by  Nobel 
laureate  Willard  F.  Libby  as  "...  the 
most  important  forward  step  in  food 
processing  since  canning  came  into 
commercial  use  in  the  early  1880's". 

Experiments  to  obtain  data  in  sup- 
port of  regulatory  clearance  for  wide- 


spread use  of  irradiation  for  food 
preservation  are  presently  being 
conducted  by  the  U.S.  Department 
of  Agriculture  (USDA). 

Pouch  Pros  and  Cons 

The  retortable  pouch  is  a  heat  tol- 
erant flexible  container  designed 
to  achieve  a  combination  of  the  keep- 
ing quality  of  canned  foods  with  the 
flavor  advantages  of  frozen  foods.  Its 
contents  can  either  be  pasteurized  or 
sterilized  in  the  package  or  through  a 
combination  of  pre-treatment  and 
aseptic  filling. 

To  heat  to  serving  temperature, 
the  consumer  need  merely  drop  the 
package  in  boiling  water  for  about 
five  minutes. 
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One  limitation  to  the  flexible  or  re- 
tortable  packaging  is  that  current 
technology  will  not  allow  it  to  be 
filled  as  quickly  or  efficiently  as 
cans,  and  this  slows  adoption.  Once  a 
faster  filling  process  is  developed, 
opportunities  for  this  innovation  will 
be  greater.  The  potential  cost  savings 
will  be  tremendous  in  our  competi- 
tive environment  and  should  gra- 
dually be  passed  along  to  consumers. 

Also  new  in  sterilization  technol- 
ogy are  high  temperature/short  time 
(HTST)  and  ultra-high  temperature 
(UHT)  processes.  They  exploit  the 
fact  that  bacteria  are  killed  faster 
than  flavor  and  nutrients  are  af- 
fected as  temperatures  of  food 
products  rise. 

For  example,  at  approximately 
140°  O,  treatment  for  one  second 
kills  harmful  bacteria  with  negligi- 
ble effect  on  milk  constituents.  Hav- 
ing overcome  the  flavor  problems 
associated  with  sterilized  milk,  firms 
are  currently  building  plants  to  mar- 
ket this  product  in  aseptic  cartons 
that  need  no  refrigeration. 

Quality  Control 

Enabling  the  food  industry  to  take 
maximum  advantage  of  new  devel- 
opments like  HTST  process  is  a 
revolution  in  analytical  methodology 
for  quality  control.  Advanced  scien- 
tific instruments  are  now  available 
and  soon  will  be  commonplace  that 
can  measure  trace  constituents  at  the 
parts  per  billion  (ppb)  level  routinely. 
Such  powerful  analytical  tools  will 
make  it  possible  to  optimize  food  proc- 
essing. The  industry  will  be  able  to 
achieve  maximum  destruction  or 
avoidance  of  unwanted  constituents 
with  a  minimum  loss  of  valuable 
nutrients  such  as  vitamins  and 
minerals. 


In  the  mid-1970's  a  scare  about  de- 
caffeinated instant  coffee  made  head- 
lines and  received  wide  coverage 
in  the  network  evening  news  on 
TV.  The  uproar  was  over  residual 
traces  of  a  chlorinated  hydrocarbon 
used  to  remove  caffein  from  coffee 
beans.  In  high  doses  this  solvent 
reportedly  had  induced  liver 
cancer  in  mice. 

Companies  voluntarily  stopped 
using  the  solvent  in  July  1975  but 
there  is  much  interest  in  a  revolu- 
tionary new  process.  Instead  of  wash- 
ing the  coffee  bean  with  a  solvent 
that  could  leave  an  objectionable 
residue,  supercritical  carbon  dioxide 
is  used  as  the  extractant  to  remove 
the  caffein. 

Supercritical  means  the  carbon 
dioxide  is  maintained  at  a  tempera- 
ture and  pressure  so  that  it  behaves 
partly  as  a  gas  and  partly  as  a  liquid. 
It  has  the  penetrating  properties  of  a 
gas  and  the  density  of  a  liquid.  After 
the  coffee  is  removed  from  the  ex- 
tractor, any  residual  carbon  dioxide 
simply  evaporates.  And  even  if  a 
trace  does  remain,  it  is  completely 
harmless. 

This  novel  concept  has  potential 
for  much  wider  application  in  food 
processing.  For  instance,  research  is 
now  underway  in  USDA  on  use  of 
supercritical  carbon  dioxide  to  ex- 
tract oil  from  soybeans. 

Advantages  of  this  technique  could 
lead  to  improved  quality  in  both  the 
extracted  oil  and  the  meal  left  behind 
that  would  carry  over  into  derived 
consumer  products.  Soybean  oil  is 
used  to  make  margarine,  cooking  oil, 
and  salad  oil.  Most  soybean  meal  is 
used  for  livestock  and  poultry  feed, 
but  some  of  it  is  converted  into  vege- 
table protein  products  for  human 
consumption. 
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Dr.  John  Freidrich,  USDA  scientist,  checks  equipment  before 
running  test  on  extracting  oil  from  soybeans  using  supercritical 
carbon  dioxide. 


New  Roles  for  Enzymes 

Enzymes  are  biological  catalysts.  Ac- 
tually, use  of  them  to  modify  foods  is 
not  all  that  new.  Its  oldest  form  is 
fermentation,  which  has  been  used 
for  centuries  to  make  buttermilk, 
cheese,  pickles,  sauerkraut,  and  tem- 
peh  (from  soybean),  to  cite  just  a  few 
examples. 

Application  of  enzyme  prepara- 
tions separated  from  the  organisms 
producing  them  is  also  well  known 


to  us  in  the  use  of  papain  as  a  meat 
tenderizer. 

These  familiar  enzymatic  processes 
serve  the  purposes  of  preservation, 
flavor  enhancement,  and  desirable 
texture  and  solubility  changes.  They 
may  be  the  forerunners  of  the  use  of 
purified  enzymes  in  efficient  con- 
tinuous operations.  These  could 
achieve  better  balance  of  amino  acids 
in  proteins,  improve  stability  and  in- 
crease polyunsaturation  in  fats,  en- 
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hance  carbohydrate  digestibility  and 
modify  food  fibers,  or  remove  anti- 
nutritional  factors  from  foods. 

Bioregulators,  using  natural  plant 
hormones,  have  been  found  to  retard 
ripening  of  some  fruits,  vegetables, 
and  floral  products.  The  ability  to  ex- 
tend storage  life  of  certain  perishable 
products  with  this  technique  may 
have  dramatic  effects  in  extending 
seasons  and  expanding  markets.  For 
some  of  these  products  the  need  for 


refrigeration  is  reduced,  suggesting 
the  possibility  of  energy  savings 
as  well. 


Productivity  Dip 

The  food  marketing  industry  and 
specifically  the  retail  and  food  serv- 
ice areas  have  been  experiencing 
declines  in  productivity  in  recent 
years.  Productivity  growth,  meaning 
output  (usually  sales)  per  employee 
hour,  actually  decreased  in  these 
industries  with  an  average  annual 
decline  of  1.0  percent  from  the  early 
to  late  1970's. 

When  productivity  rises,  rates  of 
food  price  increases  due  to  inflation 
or  other  cost  factors  can  be  held  down 
somewhat  due  to  the  increase  in 
marketing  efficiency.  But  when  pro- 
ductivity falls,  the  greater  costs  of 
doing  business  are  passed  on  to  con- 
sumers in  the  form  of  higher  food 
prices. 

Declines  in  productivity  in  food 
marketing  represent  a  turnaround 
from  the  era  of  the  1950's  and  early 
1960's  when  there  was  a  considerable 
period  of  growth  and  a  lot  of  research 
work  undertaken  to  improve  produc- 
tivity. The  late  1970's  reflect  a  period 
of  slower  growth  and  the  results  of 
less  research.  A  challenge  for  the  fu- 
ture will  be  to  find  ways  to  develop 
the  technology  that  will  improve  food 
marketing  productivity. 

There  are  several  opportunities  for 
holding  down  food  costs,  but  a  few 
examples  will  suffice.  They  include: 
1)  develop  substitutes  or  new  food 
products,  2)  utilize  waste  byproducts, 
and  3)  expand  the  use  of  electronics 
in  food  marketing. 

Sugar  represents  a  good  example 
to  illustrate  the  development  of  sub- 
stitutes. In  1974,  the  price  of  sucrose 
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sugar  suddenly  rose  from  100  to  600 
a  pound  over  a  few  months.  While 
several  influences  undoubtedly  con- 
verged to  cause  this  price  explosion, 
general  lack  of  availability  of  a  suit- 
able substitute  may  have  been  a 
contributing  factor. 

With  relatively  little  fanfare,  some 
corn  milling  companies  had  been  de- 
veloping enzyme  technology  to  con- 
vert starch  to  "high  fructose  corn 
syrup"  (HFCS),  a  product  just  as 
sweet  and  flavor  enhancing  as  su- 
crose. In  1974-75,  food  and  beverage 
firms  turned  to  the  lower  cost 
sweetener  in  droves,  with  the  result 
that  suppliers  had  to  allocate  it. 

If  this  substitute  had  not  been 
available,  the  inflated  sugar  price 
would  surely  have  been  passed  on  to 
other  food  prices,  probably  with  a 
multiplier  effect. 


Profitable  Wastes 

Food  costs  can  be  kept  down  by  mak- 
ing use  of  processing  byproducts. 

The  first  gasohol  marketed  in  Il- 
linois in  1977-78  was  a  blend  of  90 
percent  lead-free  gasoline  and  10  per- 
cent alcohol  produced  by  fermenting 
byproduct  whey  from  the  Wisconsin 
cheese  industry.  A  new  sunflower 
seed  processing  plant  in  the  upper 
Midwest  burns  the  seed  hulls  and 
thereby  generates  more  energy  than 
the  plant  uses  "by  quite  a  lot,"  ac- 
cording to  a  vice  president  of  the 
company. 

There  are  also  innovative  ways  to 
turn  byproducts  into  additonal  food 
supplies  such  as  in  the  millions  of 
tons  of  residue  left  from  the  manu- 
facture of  tomato  juice  and  concen- 
trated products,  including  catsup, 
paste,  soup,  and  puree.  A  major  part 


Electronic  computers  are  already  helping  food  marketing  firms  control 
production  operations  and  may  play  an  important  role  in  commodity 
trading  in  the  future. 


of  the  residue  is  tomato  seeds.  Ex- 
perimental data  indicate  these  seeds 
can  be  processed  to  yield  valuable 
edible  oil  and  protein  products. 

Many  similar  examples  could  be 
cited.  Even  carbon  dioxide  generated 
in  fermentations  can  be  turned  back 
into  food.  By  photosynthesis,  nature 
converts  this  gas  plus  water  into  car- 
bohydrates and  oxygen.  The  princi- 
pal producer  of  alcohol  for  use  in 
gasohol  is  evaluating  use  of  byprod- 
uct carbon  dioxide  for  hydroponic 
production  of  fresh  vegetables  in 
greenhouses  adjacent  to  its  fermenta- 
tion plants. 

Computers  have  been  in  use  for 
several  years,  but  were  used  primar- 
ily for  accounting  functions,  and,  in  a 
few  instances  to  control  production 
operations.  With  the  expanded  capac- 
ity of  mini-computers,  rapid  adoption 
of  electronic  scanning  and  improve- 
ments in  software  packages,  all  types 
of  food  marketing  firms  are  looking 
at  innovative  ways  to  apply  the 
technology. 

Lacking  objective  analyses,  a  real 
danger  is  that  many  firms  will  buy 
more  computer  capability  then  they 
will  ever  need,  adding  to  their  costs 
of  business.  In  fact,  a  real  challenge 
will  be  for  them  to  determine  what 
information  they  really  need  and  to 
buy  or  lease  accordingly.  That  word 
of  concern  aside,  let's  briefly  look  at 
some  potential  applications  of  com- 
puter technology  on  the  horizon. 

Enter  the  Robot 

Many  marketing  activities,  especial- 
ly the  physical  handling  process- 
es, are  repetitive  or  routine.  At  the 
same  time  many  of  the  tasks  are  also 
complex  (for  example,  handling  the 
many  sizes  and  shapes  of  packages), 
making  automation  difficult  and  ex- 


pensive. Recent  developments  in 
robot  technology,  and  declining  real 
costs  of  the  equipment,  make  it  likely 
that  robots  will  find  many  uses  in 
the  future— and  especially  in  food 
warehouses. 

The  concept  of  electronic  commod- 
ity trading  is  appealing  and  cur- 
rently being  evaluated  by  USDA.  It 
applies  recent  advances  in  computer 
technology  to  some  important  prob- 
lems in  markets  for  agricultural 
products. 

Electronic  markets  separate  two 
distinct  but  often  combined  market 
functions:  1)  negotiating  the  trade, 
and  2)  physical  transfer  of  the  prod- 
uct from  seller  to  buyer. 

Through  electronic  communication 
technologies,  offers  to  sell  may  be 
listed  for  potential  buyers  at  distant 
locations.  If  the  buyer  is  interested  in 
the  seller's  offer,  he  then  is  able  to 
negotiate  directly  for  the  sale  price 
and  shipping  arrangements. 

Electronic  communication  allows 
more  buyers  to  participate  and  helps 
create  the  highly  competitive  market 
necessary  for  pricing  accuracy.  De- 
centralizing the  physical  exchange  of 
the  commodity  eliminates  much  of 
the  costly  and  inefficient  process  of 
assembling  buyers,  sellers,  and 
products  at  a  single  exchange 
point  for  possible  sale. 

Electronic  trading  has  been  de- 
veloped and  is  being  experimented 
with  for  several  commodities— 
notably  eggs,  slaughter  hogs,  feeder 
pigs,  lambs,  cows,  feeder  cattle,  and 
wholesale  meat. 


TV  for  Market  News 

Electronic  communication  is  also 
being  used  for  the  exchange  of  mar- 
ket news  information  about  the  sale 
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of  products  at  major  markets.  Some 
140  market  news  offices  throughout 
the  country  develop  their  reports  and 
relay  them  to  a  computerized  mes- 
sage switcher  in  USDA  that  consoli- 
dates and  relays  the  information  to 
subscribers. 

USDA  is  exploring  procedures  to 
reach  farmers  and  other  users  of 
market  news  information  by  making 
the  news  available  in  text  form  on 
television  in  their  homes  and/or 
offices. 

A  pilot  project  with  a  public  broad- 
casting station  using  Line  21  broad- 
casting is  currently  underway  in 
Wisconsin.  By  purchasing  a  low-cost 
decoder  and  attaching  it  to  his  TV 
set,  a  farmer  can  get  market  news 
information  almost  simultaneously 
with  the  development  of  the  market 
report.  Favorable  preliminary  results 
suggest  that  this  project  will  be 
expanded— possibly  nationwide. 

Probably  the  biggest  challenge  for 
the  future  will  be  how  to  handle 
adequately  the  volume  of  products 
produced  for  the  domestic  and  export 
markets  in  the  1980's  and  beyond. 
Given  changing  patterns  of  domestic 
use  and  increases  in  agricultural 
production  moving  into  exports,  a 
3  percent  annual  rise  in  produc- 
tion will  generate  a  4  percent  in- 
crease in  agricultural  marketings. 

By  the  mid-Eighties,  the  volume  of 
products  moving  through  the  mar- 
keting system  could  be  as  high  as 
775  million  tons,  compared  with  an 
average  of  560  million  tons  in  the 
Seventies.  To  reach  the  export  ports 
they  require  the  same  basic  trans- 
portation equipment  and  much  of 
the  same  storage  and  marketing 
facilities  used  in  the  domestic 
marketing  system. 

Much  of  the  burden  to  handle  this 


expanded  volume  will  have  to  fall  on 
rail  transportation.  Yet  the  railroad 
transportation  capacity  has  actually 
been  declining  due  to  bankruptcies, 
mergers,  and  consolidations. 

The  increases  are  also  likely  to  tax 
the  storage  component  of  the  market- 
ing system.  Strategically  located 
storage  capacity  will  be  in  greater 
demand  to  relieve  pressure  on  the 
transportation  system  during  critical 
harvest  periods. 

Finally,  there  is  the  question  of 
what  the  effects  of  these  pressures  on 
the  marketing  system  will  do  to 
domestic  consumer  food  prices.  We 
have  done  well  in  the  past  in  meeting 
many  challenges  when  we  had  a 
technology  base  to  draw  on.  Can  we 
do  the  same  in  the  future? 
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Despite  an  ever  increasing  world 
population,  food  production  per 
capita  has  steadily  increased  over 
the  past  few  decades  in  both  the  de- 
veloped and  the  developing  nations. 
However,  the  gains  have  been  mod- 
est. And  food  supplies  in  many  parts 
of  the  world  do  not  provide  diets 
adequate  for  good  health. 

The  continuing  population  growth 
and  the  need  to  improve  diets  in  a 
number  of  countries  present  a  tre- 
mendous challenge  to  the  world's  ag- 
riculture. World  population  reached 
4  billion  in  1975,  and  is  expected  to 
exceed  6  billion  before  the  year  2000. 

American  agriculture  currently  is 
playing  a  key  role  in  providing  food 
for  the  world.  About  56  percent  of 
major  grain  crops  and  53  percent  of 
soybeans  that  entered  world  trade  in 
1979/80  and  1980/81  originated  in 
the  United  States.  Besides  our  domi- 
nance in  grain  and  oilseed  crop  ex- 
ports, the  United  States  also  exports 
significant  amounts  of  livestock, 
fruits,  nuts,  vegetables,  and  their 
products. 

Even  when  looking  at  all  produc- 
tion, the  United  States  dominates  the 
world  picture  for  some  major  crops, 
producing  48  percent  of  the  world's 
corn  and  64  percent  of  the  soybeans 
in  1979. 

Altered  Perspective 

A  look  at  total  world  food  produc- 
tion gives  a  different  perspective, 
however,  with — for  example  — U.S. 
production  accounting  for  only  about 
14  percent  of  the  world's  wheat  and 


less  than  2  percent  of  the  world's  rice 
in  1979.  This  sobers  one's  notions  of 
the  contributions  the  United  States 
can  expect  to  make  in  helping  food- 
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American  farmers  currently  play  a  key  role  in  providing  food  for  the 
world,  supplying  about  56  percent  of  the  major  grain  crops. 


deficit  countries  meet  their  needs 
in  the  future. 

The  United  States  has  tremendous 
capacity  to  supply  the  current  world 


markets  with  a  wide  variety  of  ag- 
ricultural products.  But  when  you 
expand  the  potential  to  needs  of  the 
developing  nations,  the  quantities 
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involved  would  stretch  the  capabili- 
ties of  our  country  and  the  other 
food-exporting  nations  as  well.  A  fur- 
ther consideration  is  the  shortage 
of  resources  in  developing  nations 
to  enter  normal  trade  channels  to 
buy  food. 

It  seems  clear  that  a  number  of 
economically  developed  nations  will 
continue  to  depend  heavily  on  world 
trade  channels  for  their  food  and  that 
the  United  States  will  be  a  major 
supplier.  This  is  quite  a  satisfactory 
relationship  in  which  we  draw  on  one 
of  the  richest  and  most  productive 
agricultural  areas  in  the  world  to 
produce  food  in  exchange  for  natural 
resources  and  manufactured  goods 
from  countries  that  do  not  have 
good  agricultural  potential.  Net  U.S. 
exports  of  food  and  agricultural 
products  in  1980  had  a  value  of  $15.8 
billion. 

Increasing  food  needs  of  the  de- 
veloping nations  may  be  met,  in 
some  cases,  through  international 
trade,  with  the  United  States  a  prin- 
cipal supplier.  Yet  for  many  develop- 
ing nations  the  most  promising 
opportunity  to  meet  future  food  needs 
lies  in  increasing  their  food  produc- 
ing capability  within  the  country. 

In  the  past,  increased  production 
has  often  been  achieved  by  expand- 
ing agricultural  operations  into  new 
areas.  For  the  future,  increased  pro- 
ductivity on  existing  agricultural 
lands  will  become  more  important. 
Improvements  in  productivity  can 
result  from  two  kinds  of  inputs— 
technological  and  capital. 

Aid  by  U.S.  Experts 

An  important  component  of  the  suc- 
cess of  U.S.  agriculture  has  been  the 
strong  programs  of  agricultural  re- 


search by  the  U.S.  Department  of 
Agriculture,  the  State  Agricultural 
Experiment  Stations,  and  industry; 
technology  transfer  programs 
through  the  Cooperative  Extension 
Services;  and  supporting  programs  in 
higher  education  at  the  land-grant 
colleges  and  universities. 

Agricultural  systems  used  in  the 
United  States  are  not  appropriate 
for  many  of  the  developing  nations. 
But  U.S.  experts  in  crop  and  animal 
production  and  protection,  soils, 
economics,  food  sciences,  etc.,  are  in  a 
position  to  work  with  people  in  their 
local  situations  to  conduct  research 
and  develop  technologies  that  fit 
needs  of  the  individual  countries. 
Some  interactions  of  the  United 
States  with  developing  countries  are 
direct  and  others  through  interna- 
tional organizations  that  involve 
joint  endeavors  by  a  number  of  de- 
veloped and  developing  nations. 

The  potential  for  increased  food 
production  through  developing  and 
introducing  new  technologies  is 
great.  Some  will  be  available  without 
supplemental  inputs,  while  others 
will  require  additional  inputs  such  as 
fertilizers  and  pest  control  materials. 

The  following  chapters  include  de- 
tails on  trade  and  how  it  takes  place, 
the  U.S.  role  in  meeting  world  food 
needs,  and  efforts  to  develop  and  in- 
troduce new  technologies  to  increase 
food  production  capabilities  of  the 
developing  nations. 


Author  Clare  I.  Harris  is  Deputy 
Administrator  for  Plant  Sciences, 
Cooperative  State  Research  Service, 
USD  A.  He  is  a  member  of  the  Joint 
Research  Committee  of  the  Board  for 
International  Food  and  Agriculture 
Development. 
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%  Nations  Trade  Food  for  Everyone's  Benefit 

By  E.M.lManfredi  and  D./O'Flynn 
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I  ations  trade  food  with  each  other 

I  so  each  country  can  be  better  off. 
Products  that  residents  of  one  coun- 
try need  but  cannot  grow  are  availa- 
ble in  another,  and  vice  versa.  As  two 
countries  trade  with  each  other, 
the  needs  of  both  are  met., 

These  needs  are  caused  by  inabil- 
ity to  grow  certain  foods  in  various 
countries,  expanding  populations, 
growing  incomes,  and  changing 
tastes. 

Most  nations  and  societies  eat  food 
based  on  grains.  Grains  are  produced 
in  every  country  in  the  world.  They 
are  processed  into  flour  and  baked 
into  bread  or  pastries,  boiled  as 
spaghetti,  cooked  as  rice  noodles 
or  eaten  like  corn  tortillas. 

However,  not  all  countries  grow 
enough  grains  or  enough  of  the  kinds 
of  grain  desired  by  the  population 
each  year.  In  some  countries,  grain 
shortages  occur  each  year  due  to  the 
climate  and  soil  or  to  the  advantage 
of  producing  other  agricultural  or 
non-agricultural  goods.  In  other 
countries  grain  shortages  are 
sporadic,  induced  by  weather,  disease 
or  other  fluctuations  which  reduce 
grain  production  domestically. 

Trade  is  the  mechanism  for  meet- 
ing many  of  the  different  kinds  of 
world  food  heeds. 

Maximizing  Returns 

Countries  with  grain  shortages  fill 
their  needs  by  importing  from  coun- 
tries with  grain  surpluses.  Thus, 
the  different  levels  of  production  of 


wheat  and  rice  and  corn  in  countries 
around  the  world  allow  the  grain 
trade  to  flourish. 

Nations  with  wheat  or  rice 
surpluses  are  not  necessarily  the 
largest  producers  in  the  world  but 
they  grow  more  grain  per  person 
than  the  importing  countries.  Or 
they  grow  specific  kinds  of  grain 
with  desirable  taste  or  baking  qual- 
ities, like  Pakistani  basmati  rice  and 
U.S.  hard  wheat,  for  which  other 
countries  are  willing  to  pay. 

To  maximize  financial  returns, 
commodities  are  generally  produced 
for  which  the  country  or  area  has  an 
advantage.  This  means  commodities 
that  give  the  grower  the  greatest 
income  after  accounting  for  costs 
of  production. 

Land  has  uses  other  than  for  grain 
production.  Land  for  production  of 
wheat,  for  example,  competes  with 
its  use  for  other  foods,  and  for  other 
agricultural  commodities  like  cotton, 
or  for  industrialization  uses,  and  for 
private  and  public  recreational  uses. 

The  commodity  which  gives  a 
country  the  greatest  advantage  tends 
to  be  what  that  country  exports. 
The  level  of  exports  depends  on  how 
much  is  produced  and  how  much 
consumed  domestically. 

Effects  of  Income 

The  level  of  foodgrains  which  a  coun- 
try imports  also  depends  on  current 
domestic  production,  as  well  as  ac- 
cumulated stocks,  and  the  level  of 
demand.  When  economists  speak 
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of  demand  they  mean  "effective 
demand,"  that  is,  consumer  needs 
backed  by  purchasing  power. 

Thus,  the  level  of  demand  depends 
on  population  and  income  levels  and 
changes  in  those  levels  each  year. 
Generally  it  is  assumed  that  the  de- 
mand for  such  basic  foods  as  grains 
will  grow  with  population  in  a 
country. 

Population  in  recent  years  has 
been  growing  at  around  1  percent  a 
year  in  the  more  developed  countries 
and  up  to  3  percent  a  year  in  the 
lowest  income  developing  countries. 
World  population  growth  in  the  late 
1970's  was  about  1.8  percent  a  year. 
Meanwhile,  grain  production  for  food 
rose  faster,  at  an  average  annual  rate 
of  2.5  percent.  This  means  that  only 
part  of  the  growth  in  foodgrain 
consumption  can  be  explained  by 
population  increases.  The  rest  is 
explained  by  income  growth. 

Income  growth  leads  to  somewhat 
higher  grain  consumption  levels, 
especially  among  poor  people.  How- 
ever, the  more  dramatic  effect  is  that 
of  shifts  among  types  of  food  in  the 
diet. 

In  poorer  regions,  a  rise  in  income 
leads  to  switching  from  roots,  tubers 
and  other  starchy  foods  to  higher- 
priced  grains. 

Middle  income  people  switch  to 
higher-priced  foods  such  as  meat 
products.  Increasing  purchases  of 
meat  and  higher  prices  lead  to  a 
buildup  of  livestock  herds  which  need 
grains  and  other  protein  sources, 
such  as  soybeans,  for  feed. 

Some  countries  import  food  to  im- 
prove their  diets  and  satisfy  growing 
populations.  Certain  African  coun- 
tries, such  as  Nigeria,  grow  and  eat 
large  quantities  of  cassava  and  yams, 


which  are  like  sweet  potatoes.  As 
their  populations  grow  and  as  they 
have  more  money  to  spend,  the  tradi- 
tional crops  no  longer  are  adequate. 
These  countries  then  must  rely  on 
trade  to  supply  their  new  needs. 

Wheat,  for  example,  is  especially 
desired  in  such  countries  since  it 
can  be  made  into  bread.  Bread  is  con- 
venient to  store  and  carry,  and  is 
becoming  the  preferred  food  of 
city  dwellers  in  many  developing 
countries. 
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Grain  is  produced  throughout  the  world,  but  many  nations  don't  grow 
enough  to  meet  domestic  needs.  They  must  rely  on  countries  that 
produce  in  abundance. 


Consumers  in  Middle  Eastern 
countries  want  to  eat  more  meat 
products  than  they  have  tradition- 
ally. So  they  import  frozen  poultry 
from  the  United  States.  This  is  an 
example  of  food  needs  caused  by 
changing  tastes. 

Another  country  may  find  it  too 
expensive  to  raise  certain  crops 
because  its  climate  is  too  cold  or  its 
soil  too  rocky.  Some  countries  are 
completely  unable  to  raise  certain 
products— England  can't  grow  tea, 


for  example,  and  must  obtain  it  by 
trading  with  Asian  growers. 

Growth  in  World  Trade 

Because  of  the  many  different  needs 
met  by  trade  in  food,  and  the  growth 
in  world  population,  food  trade  has 
climbed  rapidly  in  recent  decades.  In 
1980  three  times  as  much  grain  was 
traded  between  nations  as  in  1960. 
That  equals  229  million  tons  of  grain 
in  1980  compared  to  76  million  in 
1960.  It  only  took  1,900  ship  cargoes 
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Whether  importing  or  exporting,  all  countries  benefit  from  food  trade.  In 
1979,  agricultural  products  amounted  to  14  percent  of  total  world 
exports. 


to  carry  that  much  grain  in  1960; 
today  it  would  take  5,725. 

As  the  amount  of  food  traded  has 
grown,  a  larger  share  of  it  is  eaten  in 
a  different  country  than  where  it  was 
grown.  In  1960,  some  10  pounds  in 
every  100  were  consumed  outside  the 
country  of  origin.  Today  that  ratio  is 
15  pounds  out  of  100. 

Because  of  trade  the  world  enjoys  a 
higher  standard  of  living  than  if  each 
country  depended  on  what  it  could 
grow  by  itself.  We  said  before  that 


world  trade  in  cereals  had  grown 
from  76  million  tons  to  229  million 
over  20  years.  This  growth  in  grain 
trade  from  1960  to  1980  —  153  million 
tons — is  the  amount  world  trade  has 
added  to  annual  world  food  consump- 
tion in  that  period. 

The  amount  is  equal  to  about  75 
pounds  of  cereals  for  every  inhabit- 
ant of  the  globe.  If  trade  had  not 
grown  since  1960,  on  average  each 
person  in  the  world  would  have 
75  pounds  less  at  his  disposal  than 
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he  does  today.  This  is  out  of  total 
consumption  of  about  710  pounds. 

Thus,  trade  magnifies  the  ability 
of  world  agriculture  to  meet  food 
needs.  Availability  of  cereals  to  world 
consumers  has  grown  twice  as  fast  as 
it  would  if  each  country  tried  to  stay 
self-sufficient.  For  this  reason  our 
hopes  for  a  better  standard  of  living 
for  the  earth's  growing  billions 
depend  heavily  on  trade  between 
countries. 

Africa  is  a  good  example.  If  we 
look  at  African  countries  south  of  the 
Sahara  desert,  we  see  that  1V%  times 
more  cereals  were  consumed  there 
in  1980  than  in  1961. 

During  those  two  decades  the 
population  soared,  and  increased 
income  created  a  demand  for  non- 
traditional  foods.  But  the  inability 
of  the  soils,  climate  and  farming  sys- 
tems of  the  region  to  grow  more  food- 
grains  prevented  local  producers 
from  meeting  the  needs.  As  a  result, 
countries  of  the  region  traded  for  the 
grain  supplies,  and  found  that  they 
needed  to  increase  imports  of  cereals 
dramatically  to  keep  up. 

Trade's  Importance 

Food  trade  is  very  important  to  both 
exporting  and  importing  countries. 
In  1979  the  value  of  all  food  and 
other  agricultural  products  shipped 
from  the  country  where  it  was  grown 
to  the  country  where  it  was  eaten 
equalled  $228  billion.  This  is  14  per- 
cent of  the  value  of  total  world  ex- 
ports of  all  commodities  —  including 
cars,  computers,  clothes  and  other 
goods. 

All  imaginable  types  of  food  are 
traded  between  countries,  but  the 
largest  category  is  grains.  A  handful 
of  countries  dominate  world  exports 


of  foodgrains  because  of  their  large 
production  of  wheat  or  rice  relative 
to  domestic  consumption  levels. 

The  United  States,  Canada  and 
Australia  lead  in  wheat  sales  to  the 
world.  The  United  States  leads  the 
world  in  wheat,  corn  and  rice  sales. 
Thailand  and  several  other  Asian 
countries  also  have  large  exports 
of  rice. 

Most  countries,  however,  eat  all 
they  produce  of  basic  foods  like 
grains  and  buy  additional  supplies 
they  need  abroad.  Almost  all  coun- 
tries export  some  type  of  food  but 
many  specialize  in  products  for  which 
their  climate,  soil  and  terrain  are 
especially  suited. 

Many  countries  in  tropical  cli- 
mates produce  foods  like  coffee,  tea, 
sugar  and  bananas  and  sell  them  to 
other  countries.  Examples  of  coun- 
tries which  depend  on  sales  of  tropi- 
cal products  for  a  large  part  of  their 
export  earnings  include:  Colombia— 
coffee,  Ghana   -cocoa,  Sri  Lanka 
(formerly  Ceylon) — tea,  and 
Ecuador — bananas.  None  of  these 
commodities  can  be  grown  in  the 
United  States  or  other  temperate 
zone  countries. 

On  a  smaller  scale,  various  spices 
have  been  historically  important  to 
both  selling  and  buying  countries. 
Salt  was  needed  long  ago  to  preserve 
food,  especially  meat.  Today  salt  and 
a  large  variety  of  exotic  spices  are 
traded  to  satisfy  consumer  tastes 
all  over  the  world. 

The  role  of  food  exports  is  twofold: 
1)  to  satisfy  needs  and  tastes  of  people 
in  other  countries,  and  2)  to  provide 
cash  to  exporting  countries  which 
allows  them  to  pay  for  their  own  im- 
ports of  other  foods  or  nonfood  items. 
Some  countries  depend  on  revenue 
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from  agricultural  exports  to  pay  for 
the  bulk  of  their  imports  of  other 
goods. 

The  cash  a  developing  country 
receives  from  exporting  tropical 
products  can  buy  machinery,  chem- 
icals, and  personal  consumer  items 
manufactured  in  the  industrialized 
countries.  In  return,  importing 
countries  can  buy  goods  they  could 
not  have  produced  within  their  own 
borders.  This  two-way  trade  fills  a 
need  by  allowing  desires  to  be  satis- 
fied in  many  countries  at  the 
same  time. 

Balance  of  Trade 

The  agricultural  trade  balance  is  the 
difference  in  value  between  imports 
and  exports  of  agricultural  com- 
modities for  a  country.  These  include 
all  kinds  of  foods  and  other  nonedible 
agricultural  goods  like  cotton,  to- 
bacco and  natural  rubber. 

Each  country's  agricultural  trade 
balance  is  different.  Those  countries 
that  export  a  higher  value  of  foods, 
beverages,  fibers  and  other  agricul- 
tural goods  than  they  import  have  a 
positive  agricultural  trade  balance.  A 
surplus  in  agricultural  trade  allows 
a  country  to  import  other  kinds  of 
goods  or  to  increase  holdings  of  in- 
ternational monetary  reserves,  much 
like  an  individual's  savings  account. 

In  contrast,  a  country  that  imports 
a  greater  value  of  agricultural  goods 
than  it  exports  has  a  negative  ag- 
ricultural trade  balance.  Such  coun- 
tries are  in  a  deficit  position  and 
must  export  more  of  other  commod- 
ities, like  cameras,  handcrafts,  oil, 
or  metals  to  pay  for  their  deficit  in 
food  trade.  If  they  are  unable  to  pay 
for  the  food  trade  deficit  with  other 
kinds  of  exports,  nations  must  resort 
to  borrowing  from  the  international 


banks,  requesting  food  aid  from 
donor  countries  (such  as  the  United 
States),  or  using  their  accumulated 
savings  of  foreign  currencies. 

Among  the  major  economies  in  the 
world,  the  United  States,  Canada 
and  France  are  the  only  ones  with  a 
traditional  surplus  in  agricultural 
trade. 

China  and  a  number  of  developing 
countries  also  have  agricultural 
trade  surpluses.  Agricultural  goods 
dominate  many  of  those  countries' 
exports  while  their  imports  consist 
largely  of  manufactured  goods  they 
cannot  produce  locally,  and  equip- 
ment and  inputs  for  development 
projects. 

U.S.  Largest  Exporter 

The  United  States  is  the  world's 
largest  agricultural  exporter.  Even 
with  substantial  imports  of  com- 
modities like  meat,  fruits,  cheese, 
sugar,  wines,  coffee,  cocoa,  tea,  spices 
and  natural  rubber,  there  is  a  high 
surplus  in  U.S.  agricultural  trade. 

For  the  fiscal  year  1980  (ending 
September  1980),  U.S.  exports  of  ag- 
ricultural goods  brought  in  $40  bil- 
lion and  imports  cost  $17  billion.  That 
left  a  net  surplus  of  $23  billion  in  ag- 
ricultural trade  to  help  pay  for  other 
goods,  like  oil  and  manufactures. 

The  overall  U.S.  trade  deficit  has 
worsened  in  recent  years.  However, 
the  agricultural  trade  balance  has 
improved,  with  the  surplus  growing 
during  the  1970's.  In  the  late  1970's 
the  agricultural  trade  surplus  paid 


The  export  market  is  important  to 
the  American  farmer,  accounting 
for  one  of  every  five  dollars  in 
gross  farm  income. 
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for  39  percent  of  our  oil  imports. 

The  United  States  is  the  world's 
leading  exporter  of  wheat,  corn,  rice, 
soybeans  and  cotton.  This  is  because 
U.S.  production  exceeds  domestic 
use.  Efficient  farmers  get  high  yields 
per  acre  for  crops  which  they  sell  to 
trading  companies  or  cooperatives. 

Unlike  many  other  countries,  the 
U.S.  Government  is  not  directly  in- 
volved in  selling  farm  products  over- 
seas. Private  commodity  traders, 
grain  companies,  farmer  cooperatives 
and  exporters  are  all  involved  in 
selling  to  companies  and  govern- 
ments abroad.  Prices  are  determined 
by  world  supply  and  demand  factors 
with  adjustments  made  for  quality 
differences. 

Our  Farmers'  Stake 

The  export  market  is  quite  important 
to  American  farmers.  Produce  from 
one  of  every  three  acres  harvested 
in  the  United  States  is  exported.  In 
1977,  more  than  one  of  every  five  dol- 
lars in  gross  farm  income  (before  de- 
ducting expenses)  came  from  exports. 

U.S.  consumers  benefit  from  ex- 
ports because  foreign  demand  for 
U.S.  commodities  keeps  production 
levels  high  and  costs  down.  Also, 
with  foreign  markets  eager  to  con- 
sume U.S.  grown  foods  there  is  less 
need  for  large  government  outlays 
for  agricultural  price  or  income  sup- 
port programs  than  in  the  past. 
Thus,  use  of  taxpayer  money  for 
farm  programs  is  minimized. 

The  large  U.S.  agricultural  trade 
surplus  helps  keep  the  dollar  strong 
by  lessening  the  U.S.  trade  deficit 
on  non-agricultural  items.  In  recent 
years  agricultural  exports  have 
equalled  more  than  20  percent  of 
total  U.S.  exports. 


U.S.  exports  of  agricultural  com- 
modities have  helped  feed  the  world 
and  that  role  has  been  growing  over 
the  past  decade.  The  basket  of  goods 
that  we  sell  the  world  has  changed 
sharply,  however. 

In  earlier  years,  food  demand  in 
the  rest  of  the  world  was  met  by  sales 
of  U.S.  wheat  and  rice  for  direct 
human  consumption  abroad.  The 
other  grains  we  export— such  as 
corn,  barley,  oats  and  sorghum— are 
used  basically  as  animal  feed.  They 
enter  the  human  food  supply  when 
livestock  products  are  consumed. 

Feedgrain  Sales  Soar 

The  big  change  in  composition  of 
U.S.  agricultural  exports  has  been 
the  sharp  increase  in  sales  of  feed- 
grains  (such  as  corn)  and  other 
animal  feeds  like  soybeans. 

As  income  has  risen  in  the  de- 
veloped countries,  part  of  the  extra 
income  has  been  spent  on  improving 
diets.  Meat  consumption  in  developed 
countries  has  been  rising  and  with  it 
the  need  for  animal  feeds.  U.S.  ex- 
ports of  corn  and  soybeans  to  be  fed 
to  chickens,  hogs,  and  cattle  overseas 
exceed  the  value  of  exports  of  wheat 
and  rice  to  be  eaten  directly  by 
consumers. 

The  poorest  countries  continue  to 
have  the  bulk  of  the  world's  popula- 
tion. Besides,  there  is  a  growing  food 
gap  between  minimum  nutrient  and 
calorie  requirements  for  each  indi- 
vidual and  the  food  availability  in 
these  countries. 

The  poorest  countries  cannot  afford 
to  sharply  increase  their  foodgrain 
purchases  from  the  world  market  and 
must  rely  to  some  degree  on  food  aid. 
The  United  States  provides  about  5 
million  tons  of  food  aid  to  the  poorest 
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countries.  The  rest  of  our  agriculture 
exports  are  sold  for  cash. 

Income  growth  per  person  in  the 
developed  counties  and  in  the  richer 
developing  countries  has  been  higher 
than  for  the  countries  of  South  Asia 
and  Africa  where  the  large  food  gaps 
remain.  The  demand  for  meat  prod- 
ucts in  Europe,  Japan,  South  Korea, 
Taiwan  and  other  high  and  middle 
income  countries  has  grown  in  the 
last  decade. 

Demand  in  foreign  markets  for 
U.S.  agricultural  products  has  been 
rising  because  of  the  two  factors  al- 
ready mentioned— population  growth 
and  income  growth. 

Population  growth  is  higher  in  the 
poorest  developing  countries.  They 
will  continue  to  import  basic  grains 
for  human  consumption— wheat  and 
rice— to  supplement  their  own 
domestic  production. 

As  income  grows,  however,  people 
spend  more  on  other  kinds  of  foods. 
The  higher  income  developed  coun- 
tries will  continue  to  spend  more 
money  on  imports  of  feedgrains  and 
other  animal  feeds  to  meet  growing 
consumer  demand  for  pork,  poultry 
and  red  meats. 

Future  Role  of  Trade 

The  future  role  of  agricultural 
trade  depends  on  many  factors— 
population  growth  rates,  income 
growth,  changes  in  dietary  prefer- 
ences, and  policies  in  producing  and 
trading  countries.  The  volume  of 
world  trade  in  agricultural  com- 
modities should  continue  to  grow. 
Nevertheless,  the  world  food  problem 
of  malnutrition  in  many  countries 
cannot  be  solved  totally  by  expand- 
ing trade. 

Developing  countries  which  are 
facing  a  growing  food  gap  must  in- 


crease food  production  in  their  own 
countries.  This  can  be  done  by  estab- 
lishing favorable  internal  policies 
to  promote  food  output. 

Higher  production  levels  can 
be  achieved  by  expanding  planted 
acreage  and  by  increasing  the  yield 
per  acre.  This  will  come  about  large- 
ly through  improved  cultivation 
methods,  more  extensive  irrigation 
and  increased  use  of  fertilizers. 

The  world  population  growth  rate 
may  decline  in  the  1980's  but  by  1985 
the  total  world  population  may  rise 
by  75  million  people  each  year.  Bulk 
of  the  population  increase  will  be  in 
the  developing  countries  where  diets 
center  around  basic  grains.  But  the 
ability  of  these  countries  to  pay  for 
food  imports  is  limited.  This  is  why 
increased  production  within  the  de- 
veloping countries  will  be  needed 
to  meet  food  needs. 

Rising  supplies  of  foods  and  other 
agricultural  commodities  are  ex- 
pected in  food-exporting  countries 
during  the  1980's.  Yet,  the  export  po- 
tential of  the  world  and  of  individual 
countries  is  not  unlimited. 

Production  constraints  may  show 
up  due  to  problems  with  soil  erosion 
on  land  under  intensive  cultivation. 
In  addition,  the  ability  to  ship  and 
handle  increasing  quantities  of  bulk 
food  items  depends  on  available 
ships,  docks  and  storage  facilities. 

Food  trade  will  expand  in  coming 
years  and  it  will  continue  to  benefit 
the  United  States  and  the  rest  of  the 
world.  But  trade  alone  cannot  solve 
the  world's  food  problems. 


Eileen  Marsar  Manfredi  and  Donnel 
O'Flynn  are  Economists  with  the 
International  Economics  Division, 
Economic  Research  Service. 
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Bernie's  Bitemma:  How  to  Export 

By  Daleen  Dl  Richmond 


Products? 


B 


ernie  Anderson  was  tired.  It 
was  11  o'clock  on  a  Friday  night 
and  Bernie  was  still  struggling  with 
the  dilemma  that  had  troubled  him 
all  week.  His  produce  sales  were 
declining. 

For  many  years,  Bernie  had  been 
supplying  grocers  in  the  New  York 
City  area  with  increasing  amounts  of 
apples,  oranges,  lettuce,  broccoli  and 
other  fresh  fruits  and  vegetables.  Re- 
cent reductions  in  the  number  and 
incomes  of  consumers,  however,  had 
hurt  Bernie's  business.  Prospects 
were  not  bright. 

Bernie  slumped  in  his  office  chair 
and  fell  into  a  restless  sleep.  He 
dreamed  that  his  suppliers  were 
chasing  him  around  the  world  de- 
manding payment  for  their  products. 

Everywhere  Bernie  fled,  however, 
he  noticed  that  people  were  consum- 
ing his  commodities.  Tourists  in  the 
Bahamas  were  eating  his  grapefruit 
for  breakfast,  English  royalty  were 
sweetening  their  tea  with  his  lemons, 
and  Japanese  housewives  cried  as 
they  sliced  his  onions  into  their  veg- 
etable dishes.  Bernie  awoke  just  as 
he  was  surrounded  at  the  Eiffel 
Tower.  For  the  first  time  in  many 
days,  he  smiled.  Perhaps  he  should 
investigate  the  feasibility  of  ex- 
porting his  produce. 

A  number  of  questions  imme- 
diately popped  into  Bernie's  mind. 
What  types  of  firms  export  agricul- 
tural commodities  from  the  United 
States?  Where  are  the  markets  and 
who  are  the  buyers  for  my  products? 


What  must  I  do  to  sell  goods  abroad? 
Are  there  companies  that  will  help? 
How  will  my  transactions  differ  from 
those  of  exporters  who  sell  other 
commodities? 

Bernie  looked  at  his  watch.  It  was 
2  a.m.  With  an  impish  grin,  he  picked 
up  the  phone  and  began  asking  ques- 
tions. Here  are  some  of  the  answers. 

Types  of  Exporters 

A  company  doesn't  have  to  deal 
with  foreign  buyers  or  perform  many 
export  functions  to  be  classed  as  an 
"exporter."  A  firm  that  hires  or  sells 
goods  to  another  company  that  car- 
ries out  exporting  responsibilities  is 
known  as  an  indirect  exporter.  For 
example,  a  farmer  who  sells  his  grain 
to  a  local  elevator  owned  by  Contin- 
ental Grain  Company  is  an  indirect 
exporter  if  Continental  Grain  ships 
the  grain  to  customers  abroad. 

Direct  exporters  typically  come  to 
mind  when  the  word  "exporter"  is 
mentioned.  They  perform  the  major- 
ity of  export  functions  in  interna- 
tional transactions.  Continental 
Grain  Company,  Cargill  Inc.,  Sunkist 
Growers,  Chilewich  Corporation, 
Welch's  Foods,  and  Seald-Sweet 
Growers  are  examples  of  companies 
that  directly  export  agricultural 
commodities  from  the  United  States. 

It  is  difficult  to  draw  a  general  pic- 
ture of  direct  exporters.  Annual  sales 
volumes  of  these  firms  range  from 
thousands  to  billions  of  dollars.  Be- 
sides, their  ownership  structures  are 
diverse.  Cooperative,  private,  and 
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public  companies  are  direct  exporters 
of  U.S.  agricultural  commodities. 
Most  direct  exporters  handle  rela- 
tively few,  related  commodities  and 
a  large  number  serve  the  United 
States  as  well  as  foreign  markets. 

Firms  that  directly  export  U.S. 
commodities  include  both  American 
and  foreign  companies.  Export  mer- 
chants and  export  management  com- 
panies are  two  major  types  of  direct 
exporters.  These  companies  are 
based  in  the  United  States  and  they 
purchase  goods  for  export  from  U.S. 
suppliers  or  act  as  their  export  rep- 
resentative. Foreign  buying  offices 
and  export  commission  houses  are 
also  forms  of  direct  exporters  who 
purchase  and  export  commodities 
from  the  United  States  on  behalf  of 
foreign  customers. 

Sometimes  it's  hard  to  determine 
the  nationality  of  direct  exporters. 
A  number  of  exporters  of  U.S.  agri- 
cultural products  have  offices  in 
many  countries  where  they  buy,  sell, 
export,  and  import  goods.  They 
often  are  referred  to  as  international 
trading  companies. 

Access  to  Products 

Direct  exporters  must  have  access  to 
products  demanded  by  foreign  buyers 
to  sell  goods  in  the  international 
marketplace.  An  exporter's  primary 
concern,  therefore,  is  to  acquire  a 
sizable  and  relatively  stable  supply 
of  commodities. 

This  may  be  done  by  personally 
producing  goods  for  sale  abroad.  For 


example,  food  manufacturers  some- 
times export  products  they  process 
at  their  plants.  Alternatively,  direct 
exporters  buy  goods  from  farmers, 
elevators,  processors,  brokers  or  any 
other  producer  or  handler  of  agricul- 
tural commodities  that  can  meet 
their  commodity  needs. 

The  word  "product"  in  an  export 
transaction  refers  to  a  commodity 
plus  a  mix  of  marketing  services.  An 
exporter  must  acquire  the  types, 
qualities,  and  quantities  of  com- 
modities requested  by  foreign  buyers. 
In  addition,  he  or  she  must  be  ready 
to  carry  out  market  development  ac- 
tivities, quote  a  price  for  the  ship- 
ment, physically  prepare  the  order 
for  movement  abroad,  and  deliver  the 
products  to  the  overseas  customers. 

Foreign  buyers  have  different 
marketing  service  requirements.  For 
example,  market  development  ac- 
tivities are  not  as  important  to  a 
large  number  of  grain  buyers  as  the 
ability  to  deliver  at  a  low  price. 

Key  to  a  successful  export  busi- 
ness is  ability  to  identify  and  satisfy 
"product"  needs  of  potential  custom- 
ers. To  the  extent  the  exporter  is 
able  to  differentiate  his  commodities 
from  those  of  other  sellers  through 
performing  unique  and  essential 
marketing  services,  the  exporter 
will  stabilize  his  markets  and 
increase  his  profit  opportunities. 

Foreign  Buyers 

Design  of  an  appropriate  commodity 
and  marketing  service  mix  requires 
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an  understanding  of  the  potential 
uyers.  Like  that  of  U.S.  exporters, 
the  nature  of  the  customers  who 
purchase  U.S.  goods  is  very  diverse. 

Exporters  of  various  commodities 
often  serve  different  types  of  buyers. 
Produce  exporters  sell  to  food 
wholesalers  and  retailers,  hotels  and 
restaurants,  import  agencies,  and 
trading  companies.  In  contrast,  major 
buyers  of  U.S.  grains  are  feed  com- 
pounders, oilseed  processors  and 
crushers,  flour  millers,  trading  firms, 
and  government  agencies. 

An  exporter's  markets  as  well  as 
his  commodities  affect  the  types  of 
customers  he  deals  with.  Each  coun- 
try has  a  different  political,  cultural, 
and  food  distribution  system  which 
influences  the  number  and  nature  of 
its  buyers  for  a  particular  commodity. 

The  majority  of  citrus  fruit  sold 
to  Japan,  for  example,  is  bought  by 
large  trading  companies.  They 
control  80  to  90  percent  of  Japan's 
foreign  trade  and  are  well  integrated 
into  the  domestic  marketing  system. 

Trading  companies  are  licensed  by 
the  Japanese  Government  and  many 
have  established  subsidiaries  in  the 
United  States.  Title  to  the  fruit, 
therefore,  is  often  assumed  by  the 
Japanese  company  before  shipment 
overseas. 

By  comparison,  shipments  of  fruit 
to  the  U.S.S.R.  are  purchased  by  a 
Soviet  Government  foreign  trade 
organization.  Government  buyers 
purchase  fruit  by  direct  contact  with 
U.S.  exporters  or  indirectly  through 
firms  in  Western  Europe.  Title  to  or- 
ders is  transferred  to  Soviet  buyers 
in  the  United  States,  Western 
Europe,  or  the  U.S.S.R. 

Once  the  exporter  is  satisfied  with 
his  sources  of  commodities,  he  can  sit 


back  and  wait  to  receive  orders.  Ex- 
port sales  are  sometimes  made  with 
little  market  development  effort,  but 
exporters  who  follow  this  practice  are 
usually  small  in  size.  Buyers  who 
seek  a  unique  commodity  or  have 
heard  of  the  exporter  through  other 
suppliers  may  take  the  initiative  in 
establishing  contact. 

Identifying  Markets 

A  more  rigorous  marketing  effort  is 
required  of  exporters  who  desire  a 
large  and  consistent  volume  of  sales. 
An  important  component  is  identify- 
ing markets  that  offer  the  best  sales 
opportunities. 

Markets  are  evaluated  by  gather- 
ing data  on  consumer  tastes  and 
incomes;  adequacy  of  domestic 
supplies;  tariffs,  quotas  or  other 
trade  barriers;  and  extent  of  competi- 
tion in  the  market.  Much  of  this  data 
is  often  available  from  U.S.  sources. 
Exporters,  however,  often  visit  mar- 
kets to  get  additional  information  as 
well  as  to  contact  potential  buyers 
and  distributors. 

Market  evaluations  often  identify 
constraints  to  sales  of  the  exporter's 
products.  Many  constraints,  such  as 
little  consumer  exposure  to  the  ex- 
porter's goods,  can  often  be  reduced 
by  market  development  activities. 

Foreign  market  development 
includes  well-known  promotional 
techniques  such  as  advertising  in 
consumer  and  trade  magazines, 
distributing  recipes,  point-of-sale 
promotions  in  retail  stores,  and 
participating  in  trade  fairs. 

Less  familiar  tools  also  help  reduce 
export  constraints  and  increase  sales. 
Among  them  are  seminars  on  effi- 
cient marketing  and  handling,  visits 
of  potential  buyers  to  the  United 
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States,  and  technical  assistance  to 
modernize  production  and  processing 
facilities  that  require  agricultural 
products  as  inputs. 

Most  exporters  have  some  type  of 
sales  organization  to  help  with  their 
marketing  efforts  abroad.  These  or- 
ganizations initially  consist  of  export 
brokers  and  U.S.-based  salesmen 
who  primarily  establish  and  main- 
tain contact  with  potential  buyers. 

As  the  exporter's  business  grows, 
his  sales  network  often  increases  in 
complexity  and  plays  a  greater  role 
in  transactions.  Export  commission 
representatives,  foreign  distributors, 
and  foreign  offices  of  the  exporter's 
company  gather  market  information, 
carry  out  market  development,  relay 
price  quotations  to  buyers,  and 
handle  problems  during  shipment. 

Price  Quotations 

An  export  transaction  may  be  in- 
itiated by  either  the  exporter  or  the 
foreign  buyer.  The  exporter  may 
telex  his  commission  representative 
or  customer  with  a  price  offer.  The 
buyer,  on  the  other  hand,  may  con- 
tact the  exporter  and  ask  for  a  price 
quotation. 

A  price  quotation  is  an  offer  of  the 
exporter's  products  that  contains 
more  than  just  the  shipment's  price. 
The  quotation  specifies  type,  quality, 
and  quantity  of  commodities  offered 
the  customer;  price  requested;  terms 
of  trade  and  point  of  delivery;  deliv- 
ery date  or  shipping  period;  instru- 
ment by  and  currency  in  which 
payment  is  to  be  collected  from  the 
buyer;  and  quotation  validity  period. 

One  of  the  most  important  com- 
ponents of  a  price  quotation  are 
trade  terms  of  the  offer.  They  deter- 
mine extent  of  the  exporter's  respon- 


sibilities in  a  transaction.  For  exam- 
ple, free  alongside  (F.A.S.)  steamer 
terms  require  the  exporter  to  deliver 
the  goods  to  an  ocean  vessel  at  a  U.S. 
port.  He  must  also  pay  all  expenses 
and  acquire  all  the  documentation 
needed  to  move  the  order  to  that 
point. 

In  contrast,  the  exporter  retains 
responsibility  for  the  shipment  until 
it  arrives  at  the  foreign  port  in  a  cost 
and  freight  (C.&F.)  foreign  port 
transaction.  Other  terms  frequently 
included  in  export  price  quotations 
are  free-on-board  (F.O.B.)  steamer; 
and  cost,  insurance,  and  freight 
(C.I.F.)  foreign  port. 

Trade  terms  as  well  as  other  com- 
ponents of  a  price  quotation  affect 
costs  the  exporter  considers  to  quote 
a  price  for  the  shipment.  These  ex- 
penses may  include  cost  of  acquiring 
goods  from  suppliers,  sales  agents' 
fees,  market  development  expendi- 
tures, order  preparation  and  inspec- 
tion charges,  inland  and  ocean 
transportation  expenses,  freight  for- 
warder and  port  fees,  and  financing 
charges. 

Other  Factors 

The  exporter,  however,  does  not  just 
examine  his  costs  to  quote  a  price  for 
his  products.  He  continually  gathers 
and  analyzes  information  on  such 
factors  as  possible  fluctations  in 
transaction  expenses,  commodity 
supply  and  demand  situation  in  the 
buyer's  country,  risk  involved  in  col- 
lecting payment  from  the  customer, 
his  own  inventory  levels  and  freight 
positions,  and  competitor  activities 
and  possible  prices. 

He  then  tries  to  select  a  price  that 
covers  expected  costs  and  capitalizes 
on  profit  opportunities  without  los- 
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Agricultural  exporting  firms  aren't 
all  giant  conglomerates.  Many  are 
small  companies  that  specialize  in  a 
limited  number  of  products.  One  such 
company  is  Coastal  International, 
founded  three  years  ago  and  operated 
by  the  father-son  team  of  Charles  and 
William  Howard.  Its  headquarters  is 
in  the  small  town  ofEaston,  Md.,  amid 
a  rich  vegetable  growing  region  some 
60  miles  from  the  port  of  Baltimore. 
The  Howards  specialize  in  canned  and 
frozen  vegetables  and  serve  the  Car- 
ibbean area  primarily,  with  some  busi- 
ness in  the  Middle  East. 


William  Howard  checks  the  telex 
machine  for  food  orders  at  his 
exporting  firm  at  Easton,  Md. 

Much  of  the  food  exported  by 
Coastal  International  is  grown 
and  processed  on  Maryland's 
eastern  shore,  where  the  firm's 
headquarters  is. 
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Howard  looks  over  sweet  corn 
prior  to  canning  with  William  Teat, 
vice  president,  KMC  Food  Inc., 
Queen  Anne,  Md. 

Richard  Marks,  Paris  Foods, 
Trappe,  Md.,  goes  over  export 
order  of  frozen  carrots  with 
Howard. 
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ing  the  sale  to  competitors.  This  price 
and  the  remainder  of  the  quotation 
are  transmitted  to  the  foreign 
customer. 

If  the  customer  is  dissatisfied  with 
the  quotation,  he  may  refuse  the 
offer  or  fail  to  respond  within  the 
time  period  allotted.  Alternatively, 
the  customer  may  attempt  to 
negotiate  a  lower  price  or  a  change  in 
other  parts  of  the  quotation.  As  soon 
as  he  is  satisfied  with  the  offer,  the 
quotation  is  accepted  and  the  terms 
become  the  basis  for  an  export  order. 

Telex  confirmation  of  the  final 
offer  is  sometimes  regarded  as  a 
binding  sales  agreement  in  inter- 
national transactions.  In  situations 
involving  large  export  revenues, 
however,  a  formal  sales  contract  is 
signed  by  exporter  and  buyer. 

This  contract  may  be  a  sales 
document  which  is  drawn  up  for  that 
particular  order.  On  the  other  hand, 
a  standard  sales  contract  which 
contains  clauses  common  to  a  large 
number  of  transactions  is  frequently 
completed.  Examples  of  standard 
agreements  are  the  North  American 
Export  Grain  Association  (NAEGA) 
contracts  and  the  American  Cotton 
Shippers  Association  EO.B./EA.S. 
Contract. 

Hedging  Sales 

The  exporter  may  acquire  commod- 
ities from  suppliers  before  receiving 
an  export  order.  Or  he  may  sell 
goods  to  foreign  customers  and  then 
buy  products  for  shipment  abroad. 

Either  situation  involves  price  risk 
for  the  exporter.  Since  commodity 
prices  fluctuate  frequently,  he  may 
not  be  able  to  recover  from  buyers 
the  full  cash  price  he  paid  suppliers 
for  their  goods. 


Exporters  of  some  commodities  re- 
duce price  risk  by  using  commodity 
futures  markets.  They  sell  futures 
contracts  as  "excess"  inventories  are 
accumulated  and  buy  futures  upon 
receiving  export  orders.  The  reverse 
is  carried  out  where  offers  have  been 
accepted  and  commodities  have  yet 
to  be  obtained. 

Exporter  hedging  activities  can 
often  succeed  in  reducing  risk  since 
futures  and  suppliers'  prices  frequently 
move  together.  Thus,  profits  in  the 
futures  market  offset  losses  in  cash 
transactions. 

An  export  order  may  be  filled 
within  a  few  days.  Several  weeks  to 
a  year,  though,  is  the  normal  time 
between  accepting  a  quotation  and 
delivering  the  products.  Tb  fulfill  the 
terms  of  an  export  sales  agreement, 
the  exporter  must  perform  a  number 
of  order  preparation,  transportation, 
and  exit  port  activities. 

Agricultural  goods  are  produced 
in  all  regions  of  the  United  States. 
After  harvesting  or  storing  their 
commodities,  growers  and  farmers 
truck  them  to  processing  or  handling 
facilities  near  the  growing  area. 
Many  of  the  facilities  are  owned  by 
exporters  or  their  suppliers,  and 
often  serve  as  the  order  preparation 
points  for  export  shipments. 

The  exporter  instructs  his 
employees  or  suppliers  to  assemble 
the  goods  specified  as  the  order  de- 
livery date  nears.  He  also  asks 
them  to  perform  marketing  services 
needed  to  transform  the  commodities 
into  products  sought  by  the  buyer. 

The  services  frequently  are  like 
those  carried  out  for  domestic  ship- 
ments and  vary  by  type  of  commod- 
ity. Cattle  hides  are  fleshed,  salted, 
inspected,  and  weighed  at  slaughter- 
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ing  or  meatpacking  plants.  Produce 
packers  wash,  sort,  grade,  and  some- 
times fumigate  fresh  fruits  and 
vegetables. 

Packing,  Inspection 

Except  for  most  grain  shipments, 
agricultural  orders  must  be  packed 
for  movement  to  overseas  customers. 
Containers  are  selected  that  protect 
the  goods,  minimize  customs  duties 
and  freight  charges,  and  conform 
to  packing  laws  of  the  importing 
country. 

Packing  methods  differ  by  com- 
modity. Cotton  is  wrapped  in  jute 
bags,  fruit  juice  concentrate  poured 
into  steel  drums,  and  oranges  packed 
in  fiberboard  cartons.  The  "pack- 
ages" then  are  often  put  in  inter- 
modal  containers.  These  large 
aluminum  containers  are  sealed  at 
U.S.  order  preparation  points  and 
opened  only  upon  arrival  at  their 
foreign  destinations. 

Many  containerized  and  other 
shipments  are  not  moved  from  inland 
facilities  until  they  are  examined 
by  Federal  or  State  inspectors.  Two 
types  of  inspections  are  frequently 
required  for  export  orders.  Phyto- 
sanitary  inspections  help  insure  the 
products  are  free  of  disease  or  in- 
sect infestation.  Then  there  are  U.S. 
grade  and  weight  inspections  at 
the  handling  facilities. 

The  goods  are  now  ready  to  be 
moved  to  a  U.S.  port  by  rail,  freight- 
er, truck,  or  barge.  Exporters  of  siza- 
ble quantities  of  commodities  often 
are  able  to  cut  freight  costs  by  pur- 
chasing or  leasing  a  significant  part 
of  their  inland  transportation  fleets. 

Port  Activities 

Many  exporting  firms  have  offices  in 


port  cities.  One  of  their  key  functions 
is  to  see  that  orders  are  delivered  by 
inland  carriers  to  the  shipping  pier 
or  handling  facilities  at  that  point. 

At  the  pier,  initial  or  additional 
order  preparation  activities  may  be 
carried  out.  For  example,  large  quan- 
tities of  grain  are  moved  to  port 
elevators  by  barge  or  unit  train.  The 
grain,  however,  may  not  be  separated 
into  cargoes,  blended,  and  inspected 
for  specific  buyers  until  it  moves 
through  port  facilities.  In  contrast, 
port  cargo  sheds  often  serve  as  order 
consolidation  and  containerization 
points  for  fresh  produce  shipments. 

Exporters'  port  order  preparation 
and  other  responsibilities  demand 
the  services  of  many  people.  Yet  it  is 
uneconomical  for  exporters  to  set  up 
offices  at  every  export  point.  As  an 
alternative  freight  forwarders  are 
employed.  These  independent  mid- 
dlemen specialize  in  handling  export 
product  movement  and  documenta- 
tion tasks.  They  play  an  important 
role  in  most  export  transactions. 

Freight  forwarders  begin  assem- 
bling export  shipping  papers  as  soon 
as  port  order  preparation  activities 
are  completed.  These  papers  include 
a  shipper's  export  declaration  for 
U.S.  customs  officials.  Also  included 
are  documents  to  satisfy  the  foreign 
customer  and  officials  of  the  import- 
ing country. 

Documents  may  include  an  export 
commercial  or  consular  invoice,  cer- 
tificate of  origin,  marine  insurance 
certificate,  bill  of  exchange,  ingre- 
dient and  inspection  certificates, 
fumigation  and  phytosanitary  cer- 
tificate, and  dock  receipt  or  ocean  bill 
of  lading.  In  many  cases,  documents 
required  by  the  buyer  must  be  cer- 
tified by  the  consulate  of  the  import- 
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ing  country  or  U.S.  officials. 

Care  must  be  taken  while  com- 
piling the  export  shipping  papers. 
Failure  to  obtain  or  accurately  com- 
plete the  appropriate  papers  may 
result  in  rejection  of  the  shipment 
or  fines  at  the  foreign  port. 

Ocean  Transportation 

Export  documents  serve  as  proof  that 
exporters  have  complied  with  terms 
of  the  sales  agreement.  An  export  in- 
voice, for  example,  often  indicates 
the  buyer's  product  specifications 
have  been  satisfied.  Evidence  that 
orders  have  been  moved  from  port 
facilities  and  placed  on  ocean  vessels 
is  provided  by  ocean  bills  of  lading. 

Agricultural  exporters  who  ship 
relatively  small  orders  of  com- 
modities abroad  transport  goods  on 
common  carriers,  which  are  regu- 
lated by  law  and  adhere  to  regular 
shipping  schedules  and  published 
freight  tariffs.  There  are  two  types  of 
common  carriers:  conference  and 
nonconference  vessels. 

Conference  carriers  belong  to  or- 
ganizations known  as  shipping  con- 
ferences, each  of  which  consists  of 
companies  whose  vessels  depart  from 
one  specific  area  of  the  world  and 
serve  another  particular  region.  All 
members  of  a  conference  charge  the 
same  fees  and  comply  with  standard 
rules  and  regulations. 

Contracts  may  be  signed  with  con- 
ferences which  entitle  exporters  to 
reduced  freight  rates.  These  con- 
tracts, however,  bind  exporters  to  use 
of  conference  vessels  when  shipping 
to  the  area  the  conference  serves. 

Not  all  common  carriers  belong 
to  shipping  conferences.  A  small 
number  of  independent  liners,  known 
as  nonconference  vessels,  also  follow 


set  shipping  prodecures.  They  travel 
the  same  routes  as  conference  car- 
riers, but  compete  with  conference 
vessels  in  service  and  price.  Al- 
though freight  tariffs  of  nonconfer- 
ence carriers  are  often  lower  than 
those  of  conference  vessels,  their  vis- 
its to  U.S.  ports  are  less  frequent. 

Tramp  Carriers 

A  third  type  of  ocean  vessel  on  which 
agricultural  orders  are  transported 
abroad  are  private  or  "tramp"  car- 
riers. Exporters  of  bulk  commodities 
or  those  who  ship  orders  big  enough 
to  fill  entire  vessels  are  major  char- 
terers of  these  carriers. 

Tramp  vessels  don't  keep  regular 
schedules,  charge  relatively  fixed 
freight  rates,  or  travel  set  routes.  In- 
stead, each  time  an  exporter  hires 
a  tramp  carrier,  he  signs  a  freight 
agreement  with  the  vessel's  owner. 

Details  and  freight  tariffs  of  each 
freight  agreement  differ.  Destina- 
tions, validity  period,  and  the  other 
charter  terms  are  largely  determined 
by  the  exporter's  needs.  Freight  rates 
fluctuate  frequently. 

Loading  commodities  on  common 
or  private  ocean  vessels  often  ends 
the  exporter's  responsibilities.  Al- 
though the  exporter  may  hold  title 
to  the  goods  until  they  arrive  at  the 
foreign  port,  the  buyer  usually  sees 
that  the  order  is  unloaded  and 
cleared  through  customs.  Sometimes 
customers  refuse  to  accept  the 
shipments.  Such  cases  occasionally 
occur  when  market  prices  fall  and 
the  buyer  can  get  less  expensive 
goods  elsewhere.  This  often  forces 
the  exporter  to  reduce  his  price  and 
divert  the  shipment  to  another 
customer. 
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Getting  Paid 

The  exporter's  full  attention,  how- 
ever, is  not  focused  on  other  orders 
until  payment  has  been  collected  for 
the  shipment.  He  may  receive  im- 
mediate compensation  for  the  items, 
frequently  before  they  leave  the 
United  States,  by  demanding  payment 
by  such  collection  procedures  as  cash 
against  documents  or  a  letter  of 
credit. 

Alternatively,  the  exporter  may 
wait  14  to  120  days  for  reimburse- 
ment. In  a  sight  draft,  documents 
against  acceptance  transaction,  he  is 
paid  soon  after  the  goods  arrive  at 
the  foreign  port.  Sight  draft,  docu- 
ments against  payment  financing 
terms  often  increase  the  collection 
period  30  to  90  days. 

The  exporter's  choice  of  a  collection 
procedure  is  an  important  part  of  his 
"product  mix."  Financial  instruments 
requiring  immediate  payment  for 
orders  involve  the  least  risk  for  the 
exporter.  However,  they  may  reduce 
the  exporter's  sales  if  his  competitors 
offer  more  favorable  financial  terms 
and  comparable  prices  to  buyers. 

On  the  other  hand,  sight  draft 
transactions  frequently  increase  the 
exporter's  competitiveness  and  the 
possibility  the  customer  won't  pay  for 
the  goods.  So  the  exporter  must  care- 
fully evaluate  the  amount  of  money 
involved,  the  buyer's  credit  record, 
and  financial  terms  offered  by  com- 
petitors. He  must  also  examine  the 
market,  financial,  and  political  con- 
ditions of  the  importing  country,  be- 
fore selecting  a  financial  instrument 
for  a  particular  order. 

Bernie  hung  up  the  telephone.  He 
rubbed  his  ear,  red  from  many  hours 
of  conversation  and  the  blistering 
comments  of  his  awakened  friends. 


Yet  Bernie  felt  he  now  was  in  a  bet- 
ter position  to  realistically  evaluate 
the  possibility  of  exporting  his 
products.  He  stood,  switched  off  his 
desk  lamp,  and  headed  home  for  a 
good  day  of  sleep. 


Daleen  D.  Richmond  is  an 
Agricultural  Economist,  Office  of 
Administrator,  Foreign  Agricultural 
Service. 


Further  Reading 

Agricultural  Export  Market  De- 
velopment and  Promotion,  David 
A.  McKinna,  #AE  Extension 
78-30,  available  from  R.B.  How, 
442  Warren  Hall,  Cornell  Univer- 
sity, Ithaca,  NY  14853.    Free. 

Exporters'  Encyclopedia,  Dun  & 
Bradstreet,  for  sale  from  Export- 
ers' Encyclopedia,  P.O.  Box  2007, 
Jersey  City,  NJ  07303.     $265. 

Export  Marketing  Guide  for 
Cooperatives,  available  from 
Marge  Christie,  Agricultural 
Cooperative  Service,  USDA,  Room 
0054-S,  Washington,  DC 
20250.    Free. 

How  U.S.  Cotton  Is  Sold  for  Ex- 
port, Foreign  Agricultural  Service, 
USDA,  Room  5918-S,  Washington, 
DC  20250.    Free. 

Improving  the  Exports  Capability 
of  Grain  Cooperatives,,  available 
from  Marge  Christie,  Agricultural 
Cooperative  Service,  USDA, 
Room  0054-S,  Washington,  DC 
20250.     Free. 
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0-     U.S.,  Farm  Groups  Build  Markets — and  Income 

By~Timmy  D/  Minyard  ?/ 


In  the  early  1950's,  a  course  was 
charted  for  U.S.  farmers  that  has 
had  a  major  impact  on  today's  farm 
programs.  A  concept  of  export  mar- 
ket development  was  embodied  in  the 
Agricultural  Trade  Development  and 
Assistance  Act  of  1954,  more  com- 
monly called  Public  Law  480  (PL. 
480).  This  Act  recognized  the  poten- 
tial for  sales  of  farm  products  in 
foreign  markets  and  established 
mechanisms  to  capitalize  on  those 
markets  for  U.S.  farmers. 

Two  of  the  more  significant  fea- 
tures of  PL.  480  were:  1)  the  idea  of 
using  surplus  farm  products  to  build 
an  export  demand;  and  2)  providing 
a  mechanism  for  producers  to  help 
develop  markets  overseas.  Both 
proved  extremely  workable. 

A  unique  Government/industry 
program  to  promote  export  sales 
evolved  from  the  two  concepts  — a 
program  that  has  successfully  ex- 
panded foreign  sales  of  farm  products 
from  less  than  $3  billion  in  1955  to 
more  than  $40  billion  in  1980. 

The  idea  of  a  world  market  for  U.S. 
farmers,  although  spelled  out  in  PL. 
480,  was  slow  in  developing  among 
farm  producers  and  in  domestic  farm 
legislation.  While  PL.  480  became 
law  in  1954,  a  market-oriented  farm 
program  did  not  really  start  to  evolve 
until  1968.  This  program  recognized 
the  desirability  of  producing  for 
domestic  and  export  sales  instead  of 
a  rigid  program  of  production  control 
and  government  purchases  for  stor- 
age of  all  surplus  commodities. 


Producer  interest  in  export  pro- 
grams and  support  for  them  really 
took  off  following  the  massive  pur- 
chase of  grains  by  the  Soviet  Union 
in  1972  and  the  subsequent  sharp 
rise  in  grain  prices.  Farmers  finally 
recognized  that  exports  were  the 
controlling  factor  in  farm  prices, 
and  offered  the  potential  for  prices 
far  above  prior  support  levels 
guaranteed  by  the  Government. 

A  look  at  the  steady  growth  in 
farm  exports  and  the  contribution  of 
overseas  sales  to  farm  income  shows 
the  remarkable  story  of  competitive 
industry  activity  working  to  expand 
markets. 

Projections  for  farm  exports  of  $65 
to  $70  billion  and  up  to  $100  billion  by 
1990  seem  attainable.  It  is  important 
not  only  to  producers,  but  to  the 
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Government  storage  of  surplus  grain  ended  when  the  U.S.  capitalized 
on  the  world  market  for  American  farm  products. 


consumer  and  the  general  economy  of 
the  United  States,  that  farm  exports 
continue  to  grow  since  exports  1)  as- 
sure full  production  with  subsequent 
lower  unit  costs;  2)  help  strengthen 
the  U.S.  economy  through  activity 
generated  to  support  export  trade 
and  a  strong  dollar  in  international 
trade;  and  3)  offer  the  opportunity 
to  maintain  the  farm  industry  at 
profitable  levels. 

While  exports  are  important  to  all 
farmers,  the  share  of  total  production 
and  exports  varies  significantly  by 
product. 

Market  Development 

EL.  480  provided  for  use  of  a  share  of 
the  funds  generated  by  concessional 
sales  to  develop  markets  for  U.S.  ag- 
ricultural products.  It  was  decided 


that  nonprofit  commodity  trade 
groups  broadly  representative  of  the 
total  output  of  a  commodity  should 
be  in  the  forefront  of  the  effort  to 
expand  export  sales. 

Obviously,  agricultural  producers 
stand  to  benefit  most  directly  from 
export  sales.  But  unlike  other  indus- 
tries, the  producers  themselves  do 
not  normally  export  directly.  By  in- 
volving producer  associations,  it  was 
felt  that  more  complete  industry  in- 
volvement was  possible.  This,  too, 
proved  a  very  workable  concept. 

The  Foreign  Agricultural  Service 
(FAS)  has  more  than  50  so-called 
cooperator  agreements  with  various 
commodity  groups  to  promote  farm 
exports.  There  are  also  agreements 
with  four  regional  groups  of  States 
and  a  sizable  number  of  export  in- 
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centive  agreements  with  private 
firms. 

Cooperator  agreements  are  the 
backbone  of  the  FAS  export  promo- 
tion program.  More  than  80  percent 
of  the  total  annual  promotional 
effort  is  through  these  cooperator 
groups — ranging  from  almonds  to 
wheat. 

Although  every  cooperator  ap- 
proaches each  overseas  market  with 
an  individual  program,  there  are  two 
basic  approaches  to  market  develop- 
ment. They  are  1)  trade  servicing, 
used  mainly  by  cooperators  promot- 
ing bulk  commodities;  and  2)  promo- 
tion to  consumers,  a  mainstay  of 
cooperators  promoting  consumer- 
ready  items. 

Trade  servicing  is  directed  at  trade 
and  industry  groups  handling  im- 
ported U.S.  farm  products.  Program 
activities  are  developed  to  provide 
information  to  importers,  to  assist 
processors  with  technical  problems, 
and  to  help  end-users  properly 
utilize  the  U.S.  product. 


Hundreds  of  Approaches 

Literally  hundreds  of  approaches  are 
possible  to  service  the  trade  groups 
that  buy  U.S.  farm  products.  But 
the  end  result  is  to  provide  customer 
service  for  the  U.S.  agricultural 
producer  with  his  customers  over- 
seas, a  role  not  generally  performed 
by  the  export  companies. 

Some  of  the  most  frequently  used 
activities  in  trade  servicing  are  trade 
teams  of  foreign  buyers  and  users 
visiting  the  United  States,  monthly 
or  quarterly  newsletters  to  overseas 
contacts,  demonstrations  of  the 
benefits  in  using  U.S.  farm  goods, 
travel  of  U.S.  technicians  to  visit 
overseas  customers,  and  holding 


Farm  Exports 

Calendar  Years  1965-80 

Exports  as 
Share  of 

Farm  Cash 

Year 

Value 

Volume 

Receipts1 

(Bil.  Dols.) 

(MMT) 

(Percent) 

1965-69 
(average) 

1970-74 
(average) 

1975 

6.4 
12.8 

21.9 

57 

81 
98 

(12) 
(15) 
(18) 

1976 

23.0 

114 

(19) 

1977 

23.6 

111 

(20) 

1978 

29.4 

137 

(21) 

1979 

34.7 

147 

(21) 

1980 

41.3 

163 

(24) 

1  Export  value  adjusted  to  estimated 

farm  value. 

Sources:  U.S.  Foreign  Agricultural 

Trade  Statistical  Report  and  Agricultural 

Statistics. 

MMT  =  million  metric  tons. 


seminars  on  U.S.  farm  products 
directed  to  importers,  processors 
and  other  trade  and  government 
interests. 

Most  of  these  trade  servicing  ac- 
tivities are  designed  to  achieve  long- 
lasting  changes  in  overseas  usage 
of  agricultural  raw  materials,  and 
results  are  also  longer  term.  A 
cooperator 's  efforts  to  help  a  country 
establish  a  livestock  industry  can 
take  a  decade  or  more,  but  once  an 
industry  is  established,  the  potential 
for  continuing  sales  in  U.S.  feedstuffs 
is  good. 

Consumer  promotion  programs, 
generally  more  expensive  relative  to 
the  value  of  exports,  are  designed 
either  to  help  an  importer  move  his 
products  or  to  encourage  the  retail 
trade  to  handle  U.S.  goods. 

An  important  share  of  the  con- 
sumer sales  effort  is  in-store  promo- 
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Exports  as  a 

Share  of  Production  for 

Selected  Products 

Marketing  Year 

1980-81 

Exports/ 

Prod- 

Production 

Exports 

uction 

(1,000 

(1,000 

(Percent) 

metric 

metric 

tons) 

tons) 

Soybeans     49,451 

20,684 

(42) 

Wheat          64,500 

41 ,500 

(64) 

Corn            168,866 

64,772 

(38) 

Sorghum        14,936 

6,350 

(43) 

Rice                4,800 

3,200 

(67) 

Tallow  and 

Grease         3,175 

1,450 

(46) 

Almonds             135 

98 

(73) 

Hides  and 

Skins                945 

675 

(71) 

Peanuts 

(unshelled)    1,047 

204 

(19) 

tion.  This  involves  demonstrations, 
recipe  booklets,  promotional  leaflets, 
and  other  special  in-store  promo- 
tional techniques.  The  in-store  ap- 
proach has  the  advantage  of  tying 
the  promotion  to  products  on  the 
shelves  of  the  retail  outlet. 


Public  Relations 

The  second  major  approach  to  con- 
sumer promotion  is  to  have  a  broad 
public  relations  program  promi- 
nently featuring  U.S.  farm  products. 
Material  is  provided  to  general 
and  speciality  magazines,  home 
economics  instructors,  institutional 
food  outlets  and  newspaper  food 
editors. 

While  this  approach  has  the  ad- 
vantage of  relatively  small  costs  per 
consumer  exposure,  the  consumer 


may  have  difficulty  locating  specific 
U.S.  products  on  grocery  store 
shelves  overseas. 

The  export  incentive  program  di- 
rectly supports  companies  selling 
branded  products  into  the  export 
market  by  helping  pay  part  of  the 
cost  of  promotions  with  government 
funds. 

This  program  initially  was  de- 
signed to  support  farmer  coopera- 
tives directly  exporting  fruits  and 
nuts.  In  fruits  and  nuts,  cooperatives 
tend  to  have  a  major  share  of  the  ex- 
port business,  so  brands  can  play  a 
significant  role  in  tying  foreign 
consumers  to  U.S.  farmers. 

Government  funds  are  used  only 
for  additional  promotion  and  are  paid 
only  on  the  basis  of  export  volume. 
After  the  program  was  developed,  it 
was  extended  to  a  number  of  other 
product  lines.  A  program  is  not  of- 
fered except  on  an  industry-wide 
basis.  All  exporters  have  equal 
access  to  funds  when  the  program 
is  offered  to  an  industry  group. 

Exhibits,  Trade  Fairs 

From  the  start  of  USDA's  overseas 
export  expansion  effort  under  P.L. 
480,  overseas  exhibits  have  played  a 
key  role. 

Initially,  the  Foreign  Agricultural 
Service  participated  in  general  food 
and  national  exhibits  with  the  vari- 
ous cooperators  and  other  trade  as- 
sociations to  build  an  image  for  U.S. 
agriculture  and  the  U.S.  food  indus- 
try. These  shows  were  open  to  the 
general  public,  and  millions  of  people 
in  foreign  countries  were  exposed  to 
the  types  and  varieties  of  agricul- 
tural products  and  processed  foods 
available  from  the  United  States. 

The  second  stage  of  the  overseas 
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U.S.  grain  sorghum  exports  to  Japan  increased  substantially  following 
a  program  of  credit  and  technical  service. 
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exhibit  program  was  directed  toward 
large  international  food  shows,  with 
participation  by  U.S.  food  processors. 
These  shows  provided  opportunities 
for  U.S.  firms  to  meet  large  numbers 
of  potential  buyers  at  a  rather  nomi- 
nal cost  of  participating  in  the 
exhibit— a  much  more  effective  ini- 
tial aproach  than  trying  to  call  on 
the  same  number  of  people  at  their 
places  of  business. 

The  third  and  current  stage  of  the 
overseas  exhibit  program  concen- 
trates on  small,  solo  U.S.  trade 
exhibits.  The  exhibits  generally  are 
held  in  hotel  ballrooms  or  exhibit 
areas,  are  limited  to  U.S.  companies, 
and  can  be  attended  only  through 
invitation. 

Such  exhibits  may  contain  broad 
product  lines  from  many  companies, 
or  be  limited  in  scope  to  a  few 
product  lines— a  poultry  and  meat 
show,  for  example.  The  smaller  solo 
shows  are  much  less  costly  to  mount 
and  can  be  targeted  to  a  selected 
group  of  potential  buyers. 

Along  with  solo  trade  exhibits, 
USDA  still  participates  on  a  limited 
scale  in  such  international  food 
shows  as  the  world-famous  ANUGA 
in  Germany  and  SIAL  in  Paris— held 
in  alternate  years. 

Activity  by  States 

Departments  of  agriculture  in  most 
of  the  50  States  are  extremely  active 
in  export  promotion.  Besides  working 
with  the  Foreign  Agricultural  Service 
through  the  four  regional  trade 
groups,  States  mount  trade  missions, 
host  visiting  tradesmen,  participate 
in  overseas  food  exhibits  and  lives- 
tock shows,  and  provide  overseas 
buyers  with  information  on  products 
available  in  the  State. 
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Many  States  have  produced  buyer 
guides  and  other  product  information 
material  for  food  importers  abroad. 
States  are  particularly  effective  in 
supporting  food  processors  because 
marketing  officials  generally  have 
close  contact  with  the  companies  in 
their  States. 

FAS  also  is  involved  directly  in 
export  promotion,  but  each  activity 
is  designed  to  support  companies  in- 
terested in  exporting  farm  products. 

FAS  activities  include  export  credit 
programs,  overseas  exhibits  and 
trade  fairs,  sales  teams  to  selected 
foreign  buyer  markets,  and  product 
label  clearances  in  key  markets 
(a  host  of  regulations  on  additives, 
weights,  dating,  etc.,  are  involved 
in  selling  processed  foods  to  almost 
every  market).  Activities  also  in- 
clude a  trade  opportunity  referral 
service  where  overseas  buyers  are 
put  into  contact  with  U.S.  exporters 
by  a  computer  matching  program, 
and  a  program  called  CONTACTS 
that  informs  overseas  buyers  of  the 
availability  of  products  and  com- 
panies interested  in  exporting  these 
products. 

Export  credits  are  an  important 
USDA  tool  to  help  move  additional 
farm  products.  Various  laws  approv- 
ing several  types  of  credit  are  on  the 
books,  but  currently  the  major  em- 
phasis is  on  a  credit  guarantee  pro- 
gram. Under  the  guarantee  program., 
commercial  banks  extend  a  credit 
line  for  six  months  to  three  years  to 
purchase  U.S.  farm  products,  and 
the  U.S.  Department  of  Agriculture 
(USDA)  guarantees  the  bank  that 
the  credit  will  be  repaid. 

$2.3  Billion  in  Guarantees 

This  approach  allows  banks  to  extend 


credit  to  countries  beyond  normal 
country  limits  and  makes  additional 
credit  available  to  finance  farm 
exports.  In  fiscal  year  1981,  a  total 
of  $2.3  billion  in  credit  guarantees 
was  available  for  helping  to  finance 
agricultural  exports. 

Other  credit  programs,  currently 
not  funded,  include  a  direct  credit 
line  from  the  Commodity  Credit  Cor- 
poration for  up  to  three  years,  an 
intermediate-term  credit  program 
(3  to  10  years)  to  finance  breeding 
livestock  overseas,  facilities  to  aid 
in  expanding  U.S.  farm  sales,  to 
meet  credit  competition  from  other 
countries  and,  in  the  event  of  an  in- 
ternational grain  reserve,  to  help 
countries  finance  holding  of  grain 
stocks. 

All  of  the  credit  programs  are 
designed  to  stimulate  interest  on 
the  part  of  overseas  buyers  in  using 
additional  U.S.  farm  products. 

Frequently,  credit  programs  have 
helped  introduce  new  agriculture 
products  in  overseas  markets.  In  the 
early  1960's  Japan  was  granted  a  line 
of  credit  for  grain  sorghum.  The  U.S. 
Feed  Grains  Council  worked  with 
Japanese  feed  manufacturers  to 
incorporate  grain  sorghum  into 
livestock  rations.  As  a  result  of  this 
combination  of  credit  and  technical 
servicing,  Japan  became  and 
remains  a  steady  consumer  of  U.S. 
grain  sorghum. 

Sales  Teams 

To  promote  processed  foods  in  mar- 
kets too  small  for  a  full-size  exhibit, 
FAS  works  with  marketing  officials 
in  State  departments  of  agriculture 
to  set  up  sales  teams.  Five  to  eight 
companies  with  noncompeting 
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product  lines  get  together  to  visit 
overseas  markets. 

FAS  arranges  for  a  mini-exhibit 
and  taste  testing  of  products  on  the 
day  the  team  arrives,  then  schedules 
a  series  of  office  calls  with  the  local 
trade  for  the  next  couple  of  days. 
Afterwards  the  team  moves  on  to 
another  market  to  repeat  the  process. 
For  a  number  of  small  markets,  this 
approach  has  been  very  successful. 

A  key  to  success  of  any  export 
promotion  program  is  the  input  by 
representatives  of  the  Secretary  of 
Agriculture  stationed  in  some  70  lo- 
cations around  the  world.  Agricul- 
tural Counselors  and  Attaches  are 
stationed  in  U.S.  Embassies  while 
Agricultural  Trade  Officers  generally 
are  located  in  commercial  office 
space  outside  the  Embassy. 

These  USDA  overseas  representa- 
tives are  responsible  for  developing 
market  information  used  in  planning 
export  promotion  activities,  and  for 
working  with  cooperators,  private 
traders  and  others  to  help  develop 
the  market  for  U.S.  farmers. 

They  approve  all  activities  in- 
volved in  the  market  development 
effort  and  provide  on-the-spot  super- 
vision of  the  activities.  The  officials 
are  required  to  help  cooperators  and 
FAS  officials  in  Washington  in  plan- 
ning promotion  programs,  and  must 
approve  expenditures  of  all  Gov- 
ernment funds  in  their  country 
of  assignment. 

Agricultural  Counselors,  Attaches 
and  Trade  Officers  are  backstopped 
by  FAS  in  Washington  with  commod- 
ity analysts,  marketing  specialists, 
trade  policy  specialists  and,  where 
required,  by  help  from  other  USDA 
agencies  such  as  the  Animal  and 
Plant  Health  Inspection  Service, 


the  Food  Safety  and  Inspection  Serv- 
ice, and  the  Agricultural  Research 
Service. 

There  are  innumerable  examples 
of  the  contributions  that  the  various 
promotional  efforts  have  made  to  ex- 
panded sales  of  U.S.  farm  products. 

In  Spain,  lambs  formerly  slaugh- 
tered at  weaning  are  now  being  fed 
U.S.  feedgrains  and  soybeans  in 
heavy  lamb  feedlot  operations  — 
thanks  almost  entirely  to  the  U.S. 
Feed  Grains  Council's  efforts  to 
introduce  this  feeding  concept. 

Wheat  has  become  a  significant 
part  of  the  diets  in  several  tradition- 
ally rice-consuming  Asian  countries 
through  the  work  of  U.S.  Wheat 
Associates.  The  British  are  enjoying 
U.S.  wines  and  U.S.  beef  as  a  result 
of  efforts  by  the  Wine  Institute  and 
the  U.S.  Meat  Export  Federation. 

The  list  is  endless,  and  in  each 
instance  the  result  flows  from  joint 
efforts  of  U.S.  industry  representa- 
tives cooperating  with  FAS  staff 
in  Washington  and  overseas. 

Opportunities  exist  for  continued 
expansion  of  farm  exports  from  the 
United  States,  given  a  reasonable 
economic  climate  in  the  world.  A 
continuation  of  the  joint  industry/ 
Government  effort  to  promote  export 
sales  can  play  an  important  part  in 
assuring  American  agriculture  of 
a  $100  billion  export  market. 


Jimmy  D.  Minyard  is  Assistant 
Administrator,  Foreign  Market 
Development,  Foreign  Agricultural 
Service. 
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Food  Aid:  Where  Your  Dollars  Help  Abroad  JT 


By  C.jGoodloe  and  EjBlott 


Food  imports  by  developing  coun- 
tries have  climbed  significantly 
during  the  past  decade.  For  some 
countries  this  growth  is  the  result 
of  higher  incomes  and  improved 
standards  of  living.  But  for  many 
others,  where  food  production  has 
not  kept  pace  with  population 
growth,  increased  food  imports 
have  been  necessary  simply  to 
keep  people  at  existing  levels  of 
consumption. 

For  those  countries  not  able  to  pay 
for  increased  commercial  food  im- 
ports, food  aid  has  been  made  availa- 
ble to  meet  their  growing  needs. 
About  20  percent  of  the  food  im- 
ported by  the  poorest  developing 
countries  is  provided  on  noncommer- 
cial terms  in  the  form  of  food  aid. 

The  need  for  developing  countries 
to  receive  assistance  in  meeting  their 
domestic  food  requirements  was  rec- 
ognized perhaps  most  dramatically 
during  the  World  Food  Conference 
in  November  1974. 

Delegates  from  130  member  coun- 
tries of  the  United  Nations  gathered 
in  Rome  to  adopt  a  global  strategy  to 
overcome  world  hunger  and  malnu- 
trition. As  part  of  that  strategy,  the 
delegates  adopted  a  resolution  which 
established  a  goal  of  10  million  met- 
ric tons  of  grain  to  be  made  available 
annually  to  developing  countries  in 
the  form  of  food  aid. 

Ten  million  metric  tons  continues 
to  serve  as  a  goal  for  the  interna- 
tional community  and  in  1980  was 
adopted  as  a  target  for  annual  food 


assistance  pledges  to  the  Food  Aid 
Convention  (FAC). 

The  FAC,  an  international  agree- 
ment first  implemented  in  1968,  is 
designed  to  encourage  sharing  food 
aid  responsibilities  among  as  many 
donor  governments  as  possible.  It 
presently  has  21  contributors  pledg- 
ing 7.6  million  metric  tons  of  annual 
assistance.  These  pledges,  which  are 
fulfilled  through  either  grain  or  cash 
donations  to  finance  grain  imports, 
serve  as  minimum  targets  and  are 
frequently  exceeded,  although  the  10 
million  metric  ton  target  itself  has 
not  been  met. 

Types  of  Food  Aid 

Food  aid  has  several  forms,  but 
generally  is  provided  as  a  donation 
requiring  no  repayment,  or  is  sold 
through  a  loan  with  very  generous 
repayment  terms.  It  may  be  on  a 
bilateral  basis  with  one  government 
offering  assistance  to  another  or 
through  international  agencies. 

The  most  obvious  and  probably 
best  known  use  of  food  aid  is  to 
provide  relief  to  victims  of  natural 
disasters  and  other  emergency 
situations  — floods,  earthquakes, 
drought,  or  political  conflicts— to 
alleviate  hunger  and  malnutrition. 

In  non-emergency  situations  food 
assistance  is  distributed  through 
feeding  programs  targeted  toward 


Twenty-one  countries  now  con- 
tribute food  aid  to  improve  child 
nutrition  and  fill  other  needs. 
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In  many  countries  food-for-work  projects  provide  employment  and  income 


people  with  special  nutritional 
needs— small  children  and  pregnant 
or  nursing  mothers.  It  also  is  used  in 
school  feeding  programs  that  encour- 
age attendance  and  promote  learning 
ability,  similar  to  the  U.S.  school 
lunch  program.  These  direct  feeding 
programs  are  often  combined  with 
educational  programs  to  increase  the 
impact  of  food  aid  in  improving 
health  and  nutritional  conditions. 
Besides  programs  where  direct 
feeding  is  the  primary  objective,  food 
aid  is  used  to  transfer  resources  to 
further  a  country's  economic  and  ag- 
ricultural development.  For  example, 
after  a  country  receives  food  aid,  it 


can  be  resold  in  the  local  market 
rather  than  distributed  directly. 

The  government  can  then  invest 
money  from  the  local  sales  in  projects 
designed  to  improve  agricultural 
production,  health  and  sanitation 
services,  or  educational  programs. 
This  investment  in  physical  and 
human  capital  contributes  to  long- 
term  economic  development. 

Food-for-Work 

Food  assistance  is  also  used  to  sup- 
port food-for-work  projects.  Here, 
food  is  exchanged  for  labor  on  public 
works  projects,  such  as  constructing 
roads,  building  schools  or  clinics,  and 


240 


digging  irrigation  ditches. 

Food-for-work  projects  provide 
employment  and  income  (the  partic- 
ipants' real  incomes  increase  because 
they  spend  less  for  food),  while  con- 
tributing to  a  country's  basic 
infrastructure. 

Food  aid  can  also  be  used  to  sup- 
port a  country's  balance  of  payments. 
Many  developing  countries  don't 
earn  enough  foreign  currency  (U.S. 
dollars,  English  pounds,  etc.)  from 
their  exports  to  buy  imports  such  as 
food,  machinery,  and  oil.  Food  as- 
sistance, because  it  is  provided  as  a 
grant  or  purchased  through  a  loan 
offering  favorable  repayment  terms, 


allows  a  country  to  save  scarce  for- 
eign exchange  to  be  used  for  imports 
other  than  food. 

Applying  this  foreign  exchange  to 
import  fertilizer  or  farm  machinery 
can  contribute  to  better  agricultural 
production. 

Uses  of  food  aid  have  recently  be- 
come intertwined  with  questions  of 
how  to  achieve  food  security;  that  is, 
what  measures  a  country  can  take  to 
stabilize  its  domestic  food  supplies 
and  prices.  Many  developing  coun- 
tries face  periodic  production 
shortfalls  due  to  poor  weather  or 
political  unrest,  as  well  as  limited 
foreign  exchange.  Food  aid  can  be 
used  to  build  and  maintain  stocks 
of  grain  to  be  released  in  times  of 
domestic  production  shortfall  or 
high  world  cereal  prices. 

Potential  Drawbacks 

While  offering  substantial  benefits, 
food  aid  can  have  negative  results  if 
provided  under  the  wrong  conditions 
or  terms.  To  reduce  the  chance  of  this 
occurring,  food  aid  has  been  substan- 
tially modified  since  its  start  to  en- 
sure greater  sensitivity  to  national 
conditions. 

The  most  widely  recognized  draw- 
back is  that  food  aid  may  serve  as  a 
disincentive  to  food  crop  production. 

This  may  occur  in  one  of  two  ways. 
First,  food  assistance  sold  commer- 
cially on  the  local  market  may  de- 
press prices  received  by  local  farmers 
and  discourage  them  from  increasing 
their  own  production.  Whether  this 
will  actually  occur  depends  upon 
several  related  factors. 

If  the  aid  is  only  a  small  part  of  the 
total  domestic  food  supply,  the  chance 
of  it  significantly  dampening  prices 
is  considerably  reduced.  Also  if  the 
food  program  is  designed  to  generate 
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additional  employment,  it  can  simul- 
taneously increase  income  and  the 
demand  for  food  which  will  in  turn 
offset  any  price  depressing  impact. 

A  second  disincentive  occurs  if 
governments  rely  on  food  aid  to  the 
extent  that  they  neglect  to  devote 
sufficient  resources,  and  avoid  mak- 
ing policy  or  institutional  changes, 
needed  for  developing  their  own  farm 
production. 

lb  counter  this,  food  aid  programs 
have  increasingly  been  linked  to 
supporting  agricultural  development 
through  such  requirements  as  "self 
help  measures,"  provisions  requiring 
countries  to  undertake  specified  de- 
velopment projects  or  policy  changes. 

Besides  the  disincentive  effect,  it 
has  also  been  argued  that  food  aid 
can  create  long-term  dependency  on 
food  imports,  either  commercial  or 
concessional,  when  a  goal  of  greater 
food  self-reliance  would  be  more  ap- 
propriate. Likewise  it  has  been  ar- 
gued that  governments  can  become 
dependent  on  the  budget  support 
gained  from  selling  food  assistance 
on  the  local  market. 

A  number  of  factors  determines 
whether  or  not  such  dependencies 
arise,  but  particularly  the  policies 
and  objectives  of  the  recipient  coun- 
tries. Since  the  number  of  former 
food  aid  recipients  continues  to  grow, 
long  term  dependency  would  not 
appear  to  be  a  widespread  result 
of  food  aid. 

U.S.  Food  Aid 

The  United  States  traditionally  has 
been  the  largest  contributor  of  food 
aid  in  recent  years.  Besides,  food 
aid  has  been  a  substantial  portion 
of  total  U.S.  help  to  developing 
countries— as  much  as  30  percent 
of  all  U.S.  assistance. 


Public  Law  480  (EL.  480)  or  the 
Food  for  Peace  program  is  the  prim- 
ary means  by  which  the  U.S.  Gov- 
ernment provides  food  aid  to  other 
countries.  Enacted  in  1954,  EL.  480 
has  four  legislative  objectives:  pro- 
vide humanitarian  assistance;  ex-, 
pand  international  trade  and  develop 
markets  for  U.S.  agricultural  com- 
modities; support  economic  develop- 
ment within  developing  countries; 
and  promote  the  foreign  policy  of 
the  United  States. 

Food  commodities  supplied  under 
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Food  aid  allows  developing  countries  to  use  foreign  exchange  to  import 
fertilizer  or  farm  machinery  to  improve  agricultural  production. 


EL.  480  also  contribute  to  meeting 
the  annual  U.S.  pledge  to  the  Food 
Aid  Convention  of  4.47  million  met- 
ric tons  of  wheat  or  other  food  grains. 

Since  the  start  of  EL.  480  pro- 
grams, 290  million  metric  tons  of 
commodities  valued  at  $32  billion 
have  been  exported.  Major  com- 
modities include  wheat  and  wheat 
products,  corn  and  corn  products, 
sorghum,  rice,  nonfat  dry  milk, 
and  soybean  oil. 

Although  the  volume  of  EL.  480 
exports  relative  to  all  U.S.  agricul- 


tural exports  has  declined  in  recent 
years,  EL.  480  exports  retain  a  con- 
siderable share  of  total  exports  for 
some  commodities.  During  fiscal  year 
1979,  EL.  480  exports,  as  a  percent- 
age of  all  U.S.  exports,  were:  wheat, 
10  percent;  wheat  flour,  67  percent; 
rice,  18  percent;  and  soybean  oil, 
14  percent. 

Three  Programs 

EL.  480  authorizes  three  programs 
by  which  the  United  States  can 
provide  food  aid. 
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In  recent  years,  food  donations  have  gone  to  80  countries  in  Africa, 
Asia,  and  Latin  America. 


Under  Title  I,  the  U.S.  Govern- 
ment provides  loans  to  developing 
countries  on  concessional  terms  — low 
interest  rates  and  long  repayment 
terms  — for  purchasing  U.S.  agricul- 
tural commodities.  Food  supplied 
under  Title  I  has  been  the  largest 
component  of  P.L.  480  and  has  been 
used  to  meet  all  four  legislative 
objectives  in  varying  degrees. 

The  Title  I  program  serves  as  an 
important  mechanism  to  develop  ex- 
port markets  for  U.S.  agricultural 
commodities.  Although  in  some  cases 
food  aid  can  substitute  for  commer- 
cial exports,  it  is  generally  thought 
to  contribute  to  larger  commercial 
sales  in  the  future,  because  of  its  con- 


tribution to  economic  growth  and 
higher  incomes  in  recipient  coun- 
tries. Moreover,  because  developing 
countries  are  expected  to  be  among 
the  largest  growth  markets  for  U.S. 
agricultural  exports,  Title  I  will 
retain  its  importance  as  a  market 
development  tool. 

Among  the  countries  which  have 
"graduated"  from  Title  I  concessional 
sales  to  commercial  status  are  Japan, 
Spain,  Taiwan,  Brazil,  and  most 
recently,  Korea. 

Since  1966,  the  Title  I  program  has 
also  increasingly  emphasized  its  role 
of  contributing  to  economic  and  ag- 
ricultural development  in  recipient 
countries.  The  program  supports  de- 
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velopment  in  recipient  countries  by 
providing  balance  of  payments  relief, 
and  by  raising  local  currency  when 
the  recipient  government  sells  the 
commodities  on  the  local  market. 
These  funds  are  used  for  self-help  de- 
velopment projects  specified  in  each 
Title  I  agreement. 

Forgiveness  Factor 

In  1977,  Congress  authorized  a  new 
"Food  for  Development"  Title  III 
program.  Title  III  programs  are  simi- 
lar to  those  of  Title  I,  but  provide  for 
forgiveness  of  the  original  loan  if  the 
country  uses  the  local  currencies  for 
programs  in  nutrition,  health  serv- 
ices, and  population  planning. 

The  Title  III  programs  are 
multiyear— between  three  and  five 
years— and  targeted  toward  the 
poorest  of  the  developing  countries. 
Agreements  thus  far  have  been 
signed  with  the  governments  of 
Bangladesh,  Bolivia,  Egypt, 
Honduras,  Senegal,  and  Sudan. 

The  other  program  authorized 
by  EL.  480,  Title  II,  provides  food 
donations  to  meet  famine  or  other 
urgent  relief  needs,  combat  malnu- 
trition, and  promote  economic  and 
community  development.  Donations 
are  made  through  U.S.  private  vol- 
untary agencies  such  as  CARE 
and  Catholic  Relief  Services,  through 
the  World  Food  Program  of  the 
United  Nations,  and  through 
government-to-government 
agreements. 

A  major  priority  for  Title  II  dona- 
tions is  to  help  meet  nutritional 
needs  of  vulnerable  groups.  Gener- 
ally, programs  emphasize  mother- 
child  health  activities,  but  also 
include  school  feeding  and  food- 
for-work  projects. 

In  recent  years,  annual  food  do- 


nations through  Title  II  have  gone 
to  about  80  countries  in  Africa, 
Asia,  and  Latin  America.  Among 
the  largest  recipients  have  been 
India,  Bangladesh,  Egypt,  and 
the  Philippines. 

Recent  large-scale  food  shortages 
due  to  drought  and  refugee-related 
disasters  have  also  resulted  in 
unusually  large  requests  for  emer- 
gency food  assistance,  primarily  in 
Somalia,  Kampuchea,  and  Pakistan. 

To  complement  its  food  aid  pro- 
grams, the  United  States  now  has 
a  4  million  ton  wheat  reserve  esta- 
blished in  January  1981.  The  reserve 
was  created  to  ensure  that  wheat 
would  be  available  for  use  under 
the  P.L.  480  program  to  meet  urgent 
humanitarian  food  needs  in  develop- 
ing countries,  even  if  our  domestic 
supplies  are  tight. 

Up  to  300,000  tons  of  the  reserve 
may  be  used  for  unexpected  emer- 
gency situations,  when  Congress 
cannot  quickly  appropriate  addi- 
tional money  for  P.L.  480.  The  re- 
serve will  help  ensure  that  the 
United  States  can  meet  its  annual 
pledge  to  the  Food  Aid  Convention. 

Other  Aid  Programs 

Although  the  United  States  was  the 
first  country  to  formally  legislate  a 
food  aid  program  and  remains  the 
largest  single  donor,  contributions  of 
other  countries  and  international 
organizations  have  become  increas- 
ingly important.  The  major  interna- 
tional programs  are  the  World  Food 
Program  (WFP)  and  the  Interna- 
tional Emergency  Food  Reserve. 

The  WFP,  a  joint  program  spon- 
sored by  the  General  Assembly  and 
the  Food  and  Agriculture  Organiza- 
tion (FAO)  of  the  United  Nations,  has 
operated  since  1963.  WFP  is  directed 
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by  the  Committee  on  Food  Aid 
Policies  and  Programs,  created  after 
the  1974  World  Food  Conference 
to  provide  an  international  forum 
for  consultation,  discussion,  and 
coordination  of  food  aid. 

Countries  donate  either  commod- 
ities or  cash  to  purchase  commodities 
which  WFP  then  distributes  to  de- 
veloping countries  for  use  in  school 
lunch  programs,  mother-child  feed- 
ing clinics,  food-for-work  projects, 
and  other  feeding  programs. 
WFP  also  supplies  food  during 
emergencies. 

The  United  States  donates  food  aid 
to  WFP  under  Title  II.  During  the 
1979-1980  biennium  the  U.S.  con- 
tribution was  $220  million,  30  per- 
cent of  the  actual  commitments. 

In  recent  years,  a  rising  share 
of  WFP's  resources  have  been  used 
to  meet  emergency  situations, 
particularly  needs  of  refugees  and 
displaced  persons.  The  International 
Emergency  Food  Reserve  (IEFR)  was 
created  in  1976  to  help  respond  to 
these  emergencies  and  to  allow  WFP 
to  continue  uninterrupted  its  long- 
term  development  projects. 

IEFR  is  administered  by  WFP  and 
has  established  a  reserve  target  of 
500,000  tons.  Contributions  by  indi- 
vidual countries  are  voluntary.  The 
United  States  provided  125,000  tons 
in  both  1978  and  1979,  but  during 
1980  contributions  reached  172,000 
tons  valued  at  $72.5  million. 

Food  aid  from  other  donors,  par- 
ticularly the  European  Community 
(EC)  and  Japan,  have  increased 
recently,  reflecting  surpluses  gener- 
ated by  their  domestic  agricultural 
policies.  The  EC  is  the  second  largest 
donor,  contributing  primarily  wheat 
and  dairy  products.  Contributions  in- 


clude bilaterial  aid  from  individual 
countries  and  multilateral  contribu- 
tions funded  by  the  EC  Commission. 

Japanese  food  aid  consists  of  rice, 
Japan's  major  domestic  grain,  which 
is  either  donated  or  sold  on  conces- 
sional terms.  Canada  and  Australia 
provide  primarily  wheat  as  food  aid. 
Donations  are  made  both  bilaterally 
and  through  WFP 

Finland,  Norway,  Sweden,  and 
Switzerland  also  regularly  donate 
food  aid  to  developing  countries.  Al- 
though each  country's  contribution 
is  small,  relative  to  agricultural 
production  it  often  is  greater  than 
that  of  the  major  donors. 

What  of  The  Future? 

During  the  past  three  decades,  com- 
merical  agricultural  trade  increased 
substantially,  while  concessional  food 
assistance  declined.  In  light  of  this 
situation,  what  is  the  future  for  food 
assistance  in  times  when  surpluses 
are  not  available? 

The  United  States  provides  an 
example  of  the  conflicts  involved. 
Competing  claims  on  U.S.  food 
supplies  began  to  emerge  in  the  early 
1970's  as  large  agricultural  exports 
reduced  food  supplies  available  for 
domestic  use  and  contributed  to 
higher  food  prices.  At  the  same  time, 
as  the  price  of  oil  began  to  skyrocket, 
commercial  agricultural  exports  be- 
came increasingly  important  to  the 
U.S.  balance  of  payments. 

These  developments  contributed  to 
rises  in  the  real  cost  of  food  aid.  But 
developing  countries'  needs  for  aid 
also  continued  to  increase  as  many 
were  financially  unable  to  meet  their 
food  requirments  through  commer- 
cial imports. 

During  such  periods  when  the 


246 


Commitments  and  shipments  of  food  aid  in  cereals,  July-June 

Shipments 
1980  FAC 
Donors  pledge    1975/76    1976/77    1977/78    1978/79    1979/80  1980/811 


1,000  tons 

Argentina 

35 



22 

32 

30 

38 

48 

Australia 

400 

268 

230 

252 

312 

304 

400 

Austria 

20 

— 

— 

— 

— 

— 

19 

Canada 

600 

1,034 

1,176 

884 

735 

730 

600 

China 

NP 

— 

12 

68 

3 

25 

(25) 

EC2 

1,650 

928 

1,131 

1,374 

1,159 

1,205 

1,650 

Finland 

20 

25 

33 

47 

9 

14 

20 

India 

NP 

— 

— 

100 

295 

80 

50 

Japan 

300 

33 

46 

135 

352 

688 

567 

Norway 

30 

10 

10 

10 

10 

37 

40 

Saudi  Arabia 

NP 

— 

— 

— 

26 

10 

10 

Spain 

20 

— 

— 

— 

— 

— 

20 

Sweden 

40 

47 

122 

104 

104 

98 

90 

Switzerland 

27 

35 

33 

32 

32 

32 

27 

Turkey 

NP 

— 

20 

13 

5 

5 

10 

United  States 

4,470 

4,284 

6,147 

5,992 

6,237 

5,418 

5,2623 

WFP  purchases 

— 

NA 

63 

57 

72 

22 

(50) 

Others 

— 

199 

62 

116 

104 

270 

(165) 

Total 

7,592 

6,863 

9,107 

9,216 

9,485 

8,976 

9,053 

U.S.  share 

58.9% 

62.4% 

67.5% 

65.0% 

65.8% 

60.4% 

58.1% 

Source:  Food  Outlook,  Food  and  Agriculture  Organization  (FAO),  June  23,  1981. 
i  Commitments  or  allocations. 

2  European  Community.  Includes  member  states. 

3  Includes  supplemental  appropriation  of  $142  million  approved  July  1980. 

(     )  Estimated.  —  No  donation. 

NP  —  No  pledge.  FAC  —  Food  Aid  Convention. 

NA  —  Not  available.  WFP  —  World  Food  Program. 


world  food  supply-demand  balance 
is  tight,  many  countries  —  including 
the  United  States— are  faced  with 
tradeoffs  among:  1)  satisfying  con- 
sumers at  home,  2)  meeting  food 
needs  in  developing  countries,  and 
3)  fulfilling  commercial  export 
demand. 

Commercial  food  trade  will  con- 
tinue as  the  primary  means  of  meet- 
ing world  food  needs,  but  countries 
have  also  pledged  themselves,  evi- 
denced by  the  Food  Aid  Convention, 
to  meet  needs  of  developing  countries 


through  food  aid. 

Food  aid  can't  solve  the  world's 
food  problems.  But  it  will  stay  a 
vital  element  in  meeting  shortrun, 
emergency  food  needs,  and— where 
properly  administered— in  assisting 
the  recipient  country's  economic  and 
agricultural  development. 


Carol  Goodloe  is  an  Economist  with  the 
International  Economics  Division, 
Economic  Research  Service.  Fred  Blott 
is  an  Agricultural  Marketing  Specialist 
with  the  Foreign  Agricultural  Service. 
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Americans  Pitch  In  to  Fight  World  Hunger 

By  D!/Feinstein,  R.j  Nightingale,  and  C./Hanrahan 


In  1979  India  weathered  a  drought 
without  importing  grain.  On  its 
face  this  accomplishment  seems 
modest.  For  those  familiar  with  the 
country's  history  it  is  a  staggering 
achievement.  Fifteen  years  ago,  In- 
dia's plight  was  considered  hopeless, 
its  population  of  500  million  prey  to 
inevitable  cycles  of  starvation  and 
misery.  Through  the  late  1960's  and 
the  1970's  the  population  grew  to 
over  600  million;  and  yet,  to  the  as- 
tonishment of  many,  India's  farmers 
began  to  produce  large  surpluses. 
The  government  gradually  amassed 
stocks  of  wheat  and  rice  that  in  hard 
times  would  provide  some  margin 
of  safety  to  the  poor. 

Fifteen  years  ago  the  United 
States  pumped  into  India  an  un- 
precedented cargo  of  food  aid.  Sub- 
sequently we  accelerated  the  transfer 
of  agricultural  knowledge  to  the 
Indian  farmer.  The  campaign  took 
many  paths,  all  in  the  direction  of  in- 
creasing the  production  of  food.  The 
measure  of  our  assistance  program's 
success  is  the  magnitude  of  India's 
revival. 

The  U.S.  effort  to  share  with  poor, 
developing  countries  the  scientific 
methods  that  account  for  our  abun- 
dant harvests  did  not  begin,  nor  has 
it  ended,  with  India.  Direct  country- 
to-country  assistance  has  been  part 
of  American  foreign  policy  since 
World  War  II.  With  the  success  of  the 
Marshall  Plan  in  Europe,  President 
Truman  launched  the  Point  Four 
program  to  spread  benefits  of  Ameri- 


can technology  to  every  continent. 

From  the  outset  the  State  Depart- 
ment's assistance  arm— the  Agency 
for  International  Development  (AID) 
and  its  predecessor  agencies  in  the 
1940's  and  1950's  — have  relied  on  the 
services  of  agriculturists  in  the  U.S. 
Department  of  Agriculture  (USD A), 
the  land-grant  colleges  and  univer- 
sities, the  foundation  and  voluntary 
organizations. 

Over  the  years  these  institutions 
have  doggedly  fought  world  hunger, 
adopting  varied  and  innovative  ap- 
proaches. The  repertoire  includes 
training,  technical  assistance,  in- 
stitution building,  capital  financing 
and  research.  These  tools  tell  the  tale 
of  U.S.  agricultural  assistance. 

Students  from  Abroad 

The  sustained  increase  in  productiv- 
ity of  America's  farmers  is  due  in 
large  part  to  an  educational  system 
that  maintains,  expands,  and  dis- 
seminates the  store  of  technical 
knowledge.  The  system  is  most 
closely  identified  with  the  teaching, 
research,  and  extension  functions 
of  the  land-grant  colleges  and 
universities. 

By  the  turn  of  the  century,  land- 
grant  schools  attracted  students  from 
around  the  world.  Often  under  the 
auspices  of  private  groups,  such  as 
the  Institute  of  International  Educa- 
tion, foreign  nationals  enrolled  in 
university  departments  of  plant  sci- 
ence, agricultural  engineering,  for- 
estry, soil  science,  animal  industry,  and 
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agricultural  economics.  Generations 
of  students  have  returned  to  their 
homelands  richer  in  practical  skills. 

Arranging  for  the  training  of 
foreigners  has  always  been  an  ele- 
ment of  the  official  U.S.  assistance 
program,  and  USDA  has  long  been 
active  in  agricultural  training. 
Presently,  USDA's  Office  of  Interna- 
tional Cooperation  and  Development 
(OICD)  manages  the  "participant" 
or  individual  training  program. 

One  dimension  of  this  permanent 
assistance  instrument  is  strictly 
academic:  placing  undergraduate  and 
graduate  students  in  suitable  univer- 


sities. For  foreign  civil  servants,  ex- 
tension agents,  and  teachers,  OICD 
organizes  non-academic  training  con- 
sisting of  study  tours,  on-job  train- 
ing, laboratory  visits,  seminars,  and 
meetings  with  U.S.  officials  and 
international  agencies. 

AID  and  its  predecessor  agencies 
have  contracted  with  USDA  to  bring 
over  the  bulk  of  the  trainees.  The 
numbers  peaked  in  the  mid-sixties; 
in  1967,  AID  was  funding  1,244  train- 
ing participants  from  the  Near  East 
and  South  Asia,  520  from  the  Far 
East,  417  from  Latin  America,  and 
179  from  Africa. 


A  substantial  portion  of  India's  gain  in  crop  production  is  due  to  U.S. 
transfer  of  agricultural  knowledge  to  Indian  farmers. 
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Subsequently,  AID  diverted  re- 
sources to  other  activities,  but  there 
has  been  an  upsurge  of  late,  with  909 
participants  in  1980  steered  to 
USDA's  training  division.  The  United 
Nations,  foundations,  and  foreign 
governments  sponsored  more  than 
700  additional  participants.  In  con- 
trast to  earlier  generations,  half  the 
current  class  is  African  and  half  of  the 
academic  participants  are  graduate 
students. 

USDA  also  cooperates  with  univer- 
sities to  conduct  short  courses  in  the 
agricultural  sciences,  open  only  to 
foreigners.  In  the  last  five  years 
there  has  been  an  increase  in  the 
number  of  courses  and  the  percent- 
age conducted  overseas. 

The  Department  is  only  one 
of  several  institutions  to  manage 
the  education  of  foreign  agricultur- 
ists. Universities  involved  in  proj- 
ects abroad  channel  students  to  the 
United  States  and  shape  their 
course  work. 

Recently,  consortia  of  universities 
have  been  active,  particularly  the 
Southeast  Consortium  for  Interna- 
tional Development  centered  in 
Georgia.  There  is  also  an  upswing 
in  the  number  of  arrangements  by 
private  companies  on  behalf  of 
foreign  students. 

Shirt  Sleeve  Teams 

Americans  dispatched  to  run  projects 
day-to-day  in  foreign  lands  or  to  edu- 
cate others  to  do  the  same  are  the 
most  direct  form  of  assistance  this 
country  affords.  Where  there  are  few 
human  skills  there  is  no  substitute 
for  dispatching  a  team  of  experienced 
and  determined  agriculturists. 

"Shirt-sleeves  diplomacy"  was  the 
term  used  to  describe  work  of  the  ag- 
riculturists who  organized  the  exten- 


sion services  in  Latin  America  and 
brought  Point  Four  around  the 
world.  Examples  abound. 

Howard  Gabbert,  director  of  the 
Point  Four  office  in  Costa  Rica, 
launched  a  food  production  program 
that  resulted  by  1953  in  establish- 
ment of  30  extension  offices  manned 
by  Costa  Rican  agents.  One  result: 
Contour  plowing  became  increas- 
ingly common  in  the  country  and 
a  long  history  of  soil  erosion 
was  reversed. 

In  neighboring  Panama,  mean- 
while, Earl  Rambo  of  the  Arkansas 
Extension  Service  was  instructing 
farmers  in  use  of  tractors,  plows,  seed 
drills,  and  combines.  In  Jordan,  a 
Point  Four  team  borrowed  tech- 
niques developed  in  our  western 
grazing  States  to  build  demonstra- 
tion dikes  useful  in  taming  freshets 
that  roar  through  the  desert  after 
rainstorms. 

In  Liberia,  Frank  Pinder  was 
teaching  villagers  to  grow  rice  in  the 
inland  swamps.  During  his  travels  he 
sold  seeds  for  cocoa,  coffee,  and  oil 
palm  at  the  nominal  price  of  two 
cents.  Dubbed  by  Secretary  of  State 
Dean  Acheson  "a  modern  Johnny 
Appleseed,"  he  planted  other  seeds 
by  training  Liberians  to  carry  on 
the  work. 

These  examples  are  typical  of 
projects  in  agronomy,  farm  equip- 
ment, and  irrigation.  Waves  of  spe- 
cialists also  addressed  technical 
problems  in  horticulture,  entomology, 
animal  husbandry,  veterinary 
medicine,  soil  conservation,  drainage, 
and  crop  storage. 

Technical  interventions  don't 
necessarily  affect  the  structure  of  a 
developing  country's  economy.  In  the 
last  25  years,  impatience  with  the 
pace  of  development  has  moved  aid 
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The  American  "land-grant  idea"  of  transferring  research  findings  to 
farmers  is  being  adopted  in  many  developing  countries. 


administrators  to  look  to  other,  more 
permeating  forms  of  assistance. 
However,  the  Point  Four  approach  is 
still  very  much  alive  in  agricultural 
missions  that  are  part  of  larger  pro- 
grams. The  Peace  Corps  and  many 
voluntary  organizations  preserve 
whole  the  spirit  of  direct  assistance. 

Building  Ag  Campuses 

The  "land-grant  idea"  has  run 
through  all  U.S.  efforts  to  establish 
permanent  seats  of  agricultural 
progress  in  developing  countries. 
A  philosophy  of  public  service,  it 
charges  the  institutions  responsible 
for  maintaining  and  augmenting 
the  store  of  scientific  knowledge  to 
work  directly  with  farmers  to  solve 
problems  encountered  in  the  field. 
In  America  the  land-grant  idea 
is  embodied  in  a  particular  set  of 
institutions:  agricultural  land- 
grant  universities,  State  experiment 


stations,  and  extension  services, 
all  centered  on  USDA.  These  insti- 
tutions combine  the  functions  of 
classroom  teaching  experimentation 
and  farmer  education  to  guarantee 
that  researchers  respond  to  the  needs 
of  farmers. 

In  some  countries  representatives 
of  American  universities  and  their 
hosts  have  sought  to  transplant  ele- 
ments of  this  system.  Brazil  is  a 
noteworthy  example.  Indeed,  at 
Vicosa  in  the  state  of  Minas  Gerais 
there  exists  a  near  duplicate  of  an 
American  land-grant  college. 

■Vicosa  dates  back  to  the  early  part 
of  the  century  when  a  professor  from 
Florida  State  selected  its  rugged  site, 
far  from  the  cities  but  central  to  the 
farming  district.  After  World  War  II, 
Purdue  University  began  a  long 
association  with  Vicosa.  Through 
AID  funds,  Purdue  helped  organize 
schools  of  forestry,  home  economics, 
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and  agriculture.  An  extension  service 
set  up  to  complement  the  existing 
state  service  facilitated  integration  of 
research  and  teaching  with  farmer 
education. 

Linkages  with  other  institutions, 
many  in  contact  with  American 
schools,  make  Vicosa  part  of  a  na- 
tional network  aimed  at  improving 
agriculture.  For  example,  the  Ag- 
ricultural Universities  in  Sao  Paulo 
(Ohio  State),  Rio  Grande  do  Sul 
(University  of  Wisconsin),  and 
Ceara  (University  of  Arizona). 

It  has  not  been  necessary  to  du- 
plicate the  U.S.  land-grant  system 
in  order  to  exploit  the  idea  that 
motivates  it.  The  mass  of  State 
Department-university  contracts 
through  the  sixties  provided  for 
a  wide  variety  of  functions. 

Michigan  State,  Kansas  State, 
Wisconsin,  and  other  universities 
forged  links  with  five  well- 
established  Nigerian  universities  to 
build  on  work  initiated  by  the  British 
colonialists.  American  cooperation 
proved  useful  in  drawing  up  agri- 
cultural plans,  devising  curricula, 
furthering  existing  research  pro- 
grams, and  especially  in  training 
Nigerians  to  assume  key  academic 
positions. 

In  Thailand,  Iowa  State  and  the 
University  of  Kentucky  currently  are 
working  in  another  way  to  enhance 
the  country's  ability  to  respond  to 
farmer  needs.  They  have  cooperated 
with  government  agencies  in  setting 
up  a  statistical  bureau  to  gather  data 
needed  to  deal  with  policy  questions 
such  as  pricing  agricultural  goods. 

Loans  from  the  Agency  for 
International  Development 
are  used  to  construct  market 
roads,  irrigation  projects 
and  fertilizer  plants. 


Bankrolling  Growth 

Loans  to  finance  construction  of 
market  roads  in  Columbia  and  Peru; 
installation  of  irrigation  works, 
drainage  pipes,  and  tubewells  in 
Pakistan;  or  construction  of  a  fer- 
tilizer processing  plant  in  Jordan 
are  typical  of  the  capital  assistance 
approach  adopted  generally  by 
AID  in  the  1960's. 

Although  many  agency-financed 
projects  have  had  only  indirect  links 
to  agriculture,  the  sort  mentioned 
literally  transformed  the  countryside 
in  some  areas.  Their  sophisticated 
nature  added  to  the  expense  but 
also  added  markets  for  equipment 
produced  by  U.S.  industry. 

It  is  almost  impossible  to  unravel 
the  lines  of  inquiry  responsible  for 
global  dissemination  of  modern 
scientific-based  agriculture.  We  do 
know  the  ultimate  source  of  the 
American  contribution  is  the  system 
of  land-grant  colleges  and  univer- 
sities with  USDA  at  the  center.  That 
benefits  have  spread  to  the  interna- 
tional community  is  beyond  dispute. 

There  is  some  question,  however, 
whether  the  United  States  has 
exploited  its  capacity  to  go  beyond 
training  researchers  to  doing  re- 
search on  adapting  key  agricultural 
inputs  to  tropical  and  semi-tropical 
conditions  that  exist  in  most  develop- 
ing countries  as  well  as  in  parts  of 
the  United  States.  Unlike  institution 
building  or  capital  transfers,  this 
form  of  assistance  has  at  times  met 
congressional  resistance.  Through 
most  of  the  sixties  AID,  which  has 
had  no  research  facilities  of  its  own, 
operated  under  a  directive  that  ban- 
ned financing  research  on  behalf  of 
developing  countries  in  competitive 
crops  such  as  wheat,  rice,  tobacco, 
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sugar,  vegetable  oils,  and  cotton.  This 
policy  changed  in  1968.  In  succeeding 
years  AID  became  a  key  contributor 
to  research  through  the  network 
of  international  research  centers 
in  the  Consultative  Group  on  Inter- 
national Agricultural  Research 
(see  Dalrymple  article). 

Won  Nobel  Prize 

These  international  centers  date 
back  to  the  early  forties  when  the 
Rockefeller  Foundation  sent  Ameri- 
can agricultural  scientists  to  Mexico 
to  apply  techniques  of  plant  genetics 
and  pathology,  developed  for  the  sake 
of  Midwest  farmers,  to  solving 
Mexico's  grain  production  problems. 

Future  Nobel  Prize  winner 
Norman  Borlaug  and  his  Mexican 
associates  made  more  than  30,000 
wheat  crossings  to  produce  varieties 
resistant  to  local  rust,  varieties  that 
utilize  the  same  number  of  days  to 
maturity  regardless  of  whether  the 
hours  of  daylight  are  lengthening  or 
becoming  shorter,  and  varieties  that 
incorporate  fertilizer  responsiveness 
of  the  semi-drawf  strands.  The  end 
product  was  a  high  yield,  disease- 
resistant  wheat,  at  home  in  many 
of  the  world's  tropical  zones. 

A  corps  of  700  Mexican  agricul- 
tural scientists  trained  by  Americans 
in  experiment  stations  and  on  Rock- 
efeller Foundation  scholarships  in 
the  United  States  inherited  the  en- 
tire Foundation  enterprise  in  the 
early  sixties.  Today,  under  auspices 
of  the  Mexican-based  international 
research  center  CIMMYT,  they 
carry  on  the  vital  work  of  applied 
crop  research. 

A  similar  story  groups  the  Ford 
and  Rockefeller  Foundations,  Cornell 
University,  the  Philippines,  and  im- 
proved rice  varieties.  This  research 


effort  continues  to  prosper  at  the  in- 
ternational center  IRRI  at  Los  Banos. 

No  official  U.S.  agency  can  claim 
credit  for  developing  a  research  facil- 
ity for  tropical  agriculture  on  a  par 
with  CIMMYT  or  IRRI.  However, 
many  experiment  stations  estab- 
lished in  Latin  America  in  the  1940's 
and  1950's  are  operated  by  the  coun- 
tries themselves  to  upgrade  key  ex- 
port crops. 

USDA  also  has  managed  the 
Special  Foreign  Currency  Research 
Program.  The  1954  Public  Law  480 
(PL.  480)  legislation  authorized 
USDA  to  initiate  research  projects 
overseas  on  the  strength  of  local 
currencies  paid  to  the  United  States 
for  the  sale  of  surplus  food.  Scien- 
tists at  USDA  set  to  work  designing 
and  managing  projects  that  com- 
plemented their  own  lines  of  inves- 
tigation and  also  held  potential 
benefits  for  the  host  country.  Be- 
tween 1958  and  1966,  29  countries 
shared  775  research  grants. 

Finns,  Turks,  Chileans 

Typical  projects  have  had  Finnish 
scientists  fighting  the  bark  beetle, 
Turkish  botanists  cataloguing  plants 
with  possible  industrial  uses,  and  a 
Chilean  laboratory  testing  artificial 
light  to  stimulate  growth  response 
in  pine  cuttings. 

Recently,  with  a  shift  in  PL.  480 
repayment  terms  from  local  curren- 
cies to  dollars,  the  number  of  coun- 
tries with  excess  local  currency 
available  for  research  purposes  has 
declined.  The  program  is  still  pur- 
sued in  Egypt,  India,  and  Pakistan. 

Research  contribution  of  the  uni- 
versities to  the  developing  world  is 
evident  whenever  a  "sister"  institu- 
tion conducts  soil  sample  analysis, 
tests  for  the  preferred  level  of  pes- 
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ticide  application,  or  supervises  a 
breeding  program.  Helping  implant 
a  capacity  to  improve  the  use  of 
resources  and  inputs  is  an  integral 
part  of  institution  building. 

Of  late  the  universities  have 
paid  increasing  attention  to  another 
research  service.  AID  legislation 
encouraged  collaborative  projects 
between  the  most  qualified  agricul- 
tural scientists  in  the  United  States, 
national  institutions  in  developing 
countries,  and  the  international 
research  centers. 

Congress  eased  the  way  by  lifting 
the  ceiling  it  had  imposed  in  the 
1960's  on  the  money  AID  could  dis- 
burse to  researchers.  Today,  collab- 
orative research  is  slated  in  wheat, 
sorghum,  millet,  small  ruminants, 
beans  and  cowpeas,  pest  manage- 
ment, and  tropical  soils. 

An  example  of  ongoing  work  is  the 
joint  wheat  breeding  program  carried 
out  by  CIMMYT  and  Oregon  State 
University.  The  dividends  are  im- 
proved genetic  material  for  our 
Northwest  as  well  as  the  tropics. 


Another  example  is  the  two-year- 
old  sorghum  program.  It  involves  a 
consortium  of  U.S.  universities  work- 
ing in  laboratories  and  experiment 
stations  in  this  country  as  well  as 
on  country  projects  in  Africa. 

Scientific  knowledge  now  exists 
to  beat  back  hunger  not  only  in  the 
United  States  but  throughout  the 
world.  USDA,  land-grant  universi- 
ties, the  experiment  stations,  State 
extension  services,  and  private  re- 
search foundations  have  an  unsur- 
passed body  of  scientific  knowledge 
and  practical  knowhow.  We  only 
need  the  political  will  to  carry  the 
weapons  they  provide  to  new  fronts 
in  the  fight  against  hunger. 

Someday  we  may  be  able  to  record 
successes  relating  to  staples  such  as 
sorghum,  millet,  beans,  and  cassava 
that  match  the  work  in  wheat  and 
rice.  The  benefits  to  the  productivity 
of  U.S.  agriculture  promise  to  be  sig- 
nificant. The  impact  on  farm  income 
and  food  consumption  in  poor  tropical 
countries  could  well  be  crucial  to  the 
well-being  of  millions. 


Going  All-Out  in  India 

The  U.S.  assistance  effort  in  India  spanned  more  than  two 
decades.  It  drew  on  the  many  operational  elements  we  have  dis- 
cussed in  this  chapter.  Its  success  can  be  attributed  to  a  fusion  of 
these  elements. 

Thirty  years  ago,  newly  independent  India's  population  had 
begun  to  swell  while  prospects  for  opening  new  agricultural  lands 
were  limited.  In  many  places  the  soil  was  exhausted:  India  used 
less  fertilizer  on  its  320  million  cultivable  acres  than  Belgium  did 
on  its  2.5  million  acres.  Primitive  methods  meant  deplorably 
low  crop  yields. 

Against  this  background  Frank  Parker,  once  a  USDA  scientist 
and  in  1953  a  representative  of  the  U.S.  Department  of  State,  came 
to  India  to  lead  the  existing  Point  Four  mission.  He  toured  the 
country  and  drew  two  overriding  conclusions:  1)  loss  of  nutrients  in 
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age-old  soils  required  a  degree  of  fertilizer  use  precluded  by  high 
prices  and  the  absence  of  a  soil-testing  program,  and  2)  separation 
of  the  established  research  and  teaching  institutions  from  the  state 
extension  arm  undercut  possibilities  for  improved  cultivation. 

India,  unlike  most  poor  countries,  possessed  ingredients  of  a 
land-grant  type  system,  but  desperately  needed  to  integrate  them 
in  a  way  that  moved  teachers  to  teach  practical  agriculture  and 
researchers  to  seek  solutions  to  practical  problems. 

Indian  agriculturists  responded.  One  wrote  that  Parker's 
analysis  provided  the  impetus  to  overcome  stagnation.  As  the  gov- 
ernment cut  fertilizer  prices,  Parker,  with  an  Indian  team,  visited 
American  campuses  in  search  of  land-grant  "apostles."  Soon  six 
universities  had  answered  the  call. 

Erven  Long,  leader  of  a  group  from  the  University  of  Tennessee, 
remembers  the  mid-and-late  1950's  as  a  time  of  tremendous  ex- 
citement and  great  working  harmony  among  American  agricul- 
turists in  India.  Representatives  of  State  Department  agencies, 
USDA,  the  universities,  and  the  Rockefeller  Foundation  all 
followed  Parker's  lead  and  strategy. 

Long  himself  stayed  in  Banglore  State  in  the  south  of  India 
for  five  years.  He  organized  the  Agricultural  College  at  Mysore 
around  research  on  cultivation  ofragi,  a  millet-like  staple  well 
adapted  to  that  water-poor  region.  By  using  demonstration  plots  he 
was  able  to  convince  skeptical  farmers  that  with  the  proper  appli- 
cation of  fertilizer,  an  improved  variety  of  ragi— developed  some 
time  before  by  Indian  scientists— outstripped  traditional  varieties 
whatever  the  level  of  rainfall. 

A  subsequent  campaign  to  arrange  credit  for  small  farmers  in 
the  area  cleared  the  way  for  near  complete  use  of  the  improved  var- 
iety within  three  years.  Yields  doubled,  increased  straw  helped  pay 
for  the  fertilizer,  and  the  agricultural  school  gained  prominence. 
This  episode  involved  matching  new  inputs  with  staple  food  grains, 
a  theme  that  pervaded  the  later  course  of  development. 

Another  theme  emerged  through  an  alliance  between  the  Indian 
government  and  a  group  from  the  Ford  Foundation  under  the 
chairmanship  of  Sherman  Johnson.  An  experimental  program  was 
built  around  the  assumption  that  increased  use  of  one  input  alone 
yields  limited  results,  that  gains  in  production  agriculture  depend 
on  a  skillful  combination  of  inputs.  Johnson  also  argued  that  this 
"package"  approach  was  only  practicable  in  a  country  like  India  if 
confined  to  areas  where  production  potential  is  high  and  the  water 
supply  assured. 
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A  specialist  at  the  Punjab  Agricultural  University  inspects  experimental 
planting  of  a  new  variety  of  Ragi,  a  millet-like  crop. 

India  inaugurated  the  Intensive  Agricultural  District  Program 
in  1961.  Farmers  in  at  least  one  pilot  district  for  each  of  India's 
16  states  learned  to  use  a  cluster  of  improved  farm  practices. 
Economists  judged  the  effort  a  partial  success.  The  program  raised 
overall  production  but  only  took  root  among  prosperous  farmers. 

In  subsequent  years,  U.S.  aid  institutions  approached  Indian 
agriculture  from  a  variety  of  angles.  AID  channeled  funds  into 
enlarging  India's  domestic  fertilizer  capacity.  USDA's  Agricul- 
tural Research  Service  managed  the  nearly  200  research  projects 
financed  in  the  mid-sixties  out  of  PL.  480  rupees.  The  bulk 
were  in  crop  research,  crop  utilization,  and  entomology. 

American  universities  continued  to  nurture  many  new  agricul- 
tural universities  staffed,  in  part,  by  Indian  graduates  returning 
from  the  United  States.  Ohio  State  was  active  in  the  important 
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Punjab  region.  Under  an  AID  contract  her  sister  institution,  Pun- 
jab Agricultural  University,  received  over  $4  million  for  research 
and  extension  work,  teaching,  and  demonstration  projects  aimed  at 
motivating  Punjab  farmers. 

The  Punjab  demonstrations  sometimes  attracted  more  than 
12,000  farmers  from  all  parts  of  the  state.  Farmers  rained  requests 
on  the  university's  new  soil  sample  facility.  In  1968,  70,000  samples 
were  tested  to  determine  optimal  fertilizer  doses. 

In  1965,  India  suffered  a  severe  setback.  A  disastrous  drought  led 
people  to  think  that  despite  technical  advances  in  agriculture, 
India  could  not  count  on  feeding  its  people.  The  United  States  pro- 
vided massive  food  aid,  but  insisted  that  the  government  adopt 
price  reforms,  grant  concessions  to  U.S.  companies  to  build  chemi- 
cal fertilizer  plants  in  India,  and  divert  resources  to  agriculture. 
The  government  responded  through  the  scheduled  Five- Year  Plan 
for  1966-71. 

In  essence,  it  combined  a  price  system  favorable  to  farmers  and 
renewed  commitment  to  the  "package"  approach  with  a  campaign 
to  replace  indigenous  improved  Indian  varieties  with  the  light- 
insensitive  and  therefore  adaptable  "dwarf"  Mexican  and  IRRI 
varieties.  An  unscheduled  shipment  of  18,000  tons  of  Mexican 
seed  to  supplement  the  15,000  tons  on  hand  in  1966  was  the  first 
step  in  meeting  ambitious  target  production  levels. 

Indian  research  institutions  accelerated  development  and  propa- 
gation of  hybrids  for  corn,  sorghum,  and  millet.  The  Rice  Research 
Institute  at  Orissa  bred  into  a  short  season  Taiwanese  rice  variety 
resistance  to  diseases  common  to  the  south  of  the  subcontinent. 
The  success  of  Indian  researchers  and  policymakers  was  one  reason 
for  the  optimism  with  which  many  greeted  the  seventies. 

Stepped  up  fertilizer  production  kept  pace  with  growing  demand. 
Yields  in  the  Punjab  more  than  doubled  in  corn  and  wheat,  al- 
though it  remained  true  that  most  of  the  rewards  accrued  to 
wealthy  farmers.  Good  weather  in  the  early  and  late  seventies 
and  appropriate  price  and  marketing  policies  enabled  the  gov- 
ernment to  amass  stocks  of  food  grains. 

Poverty  remained  a  general  condition  but  for  the  first  time  since 
independence,  India  could  claim  self-sufficiency— at  least  for  a 
time.  To  this  day  the  high-yielding  varieties  have  sustained  their 
elevated  yields  as  production  methods  continue  to  improve. 

Daniel  Feinstein  is  an  international  economist  with  the  International  Economics 
Division,  Economic  Research  Service.  Ray  Nightingale  is  an  agricultural  economist 
with  the  Division.  Charles  Hanrahan  is  the  Division's  Assistant  Director  for 
Research. 
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Global  Research  Wins  a  Cigar— Spelled  CGIAR  r  / 

By  Dana  G.IDalrymple  "ZZZ- —  ^ 


Whether  there  will  be  enough  food 
in  the  future  in  the  developing 
nations  depends  in  part  on  what  is 
accomplished  in  agricultural  re- 
search. Yields  must  be  increased  if 
food  production  is  to  keep  up  with  or 
preferably  exceed  population  growth, 
and  if  food  costs  are  to  be  kept  down. 
An  increase  in  yields  requires  new 
and  improved  agricultural  technol- 
ogies. The  main  source  of  these  tech- 
nologies is  organized  agricultural 
research. 

As  important  as  research  is  to  pro- 
viding enough  food,  it  has  long  been 
relatively  neglected  in  the  develop- 
ing nations.  Through  most  of  history, 
increases  in  food  production  were 
principally  obtained  by  enlarging  the 
cultivated  area.  But  as  population 
expanded,  the  relative  availability  of 
land  fell.  Increased  production  had  to 
come,  in  the  main,  from  greater 
yields— a  much  more  difficult  task. 

While  some  agricultural  research 
had  been  carried  out  in  many  de- 
veloping nations  since  the  turn  of  the 
century,  most  of  it  was  sponsored  by 
colonial  powers  and  directed  to  ex- 
port crops.  Research  on  food  crops 
for  domestic  consumption  received 
comparatively  little  attention.  This 
neglect  largely  continued  until  the 
middle  of  the  20th  century.  With 
the  breakup  of  colonial  empires,  and 
population  growth,  greater  attention 
was  given  to  expanding  domestic 
food  production. 

At  first,  many  assistance  officials 
thought  all  that  was  needed  was  to 


transfer  agricultural  technology  from 
developed  nations.  It  was  presumed 
the  main  need  was  for  an  organiza- 
tion to  disseminate  technology  (an 
extension  or  outreach  service).  Ex- 
perience soon  demonstrated  that  this 
alone  wouldn't  work;  technology  de- 
veloped for  temperate  zones  was  sel- 
dom usable  in  more  tropical  regions. 
Moreover,  farm  size,  structure,  and 
resources  were  quite  different. 

The  only  satisfactory  answer  was 
to  devise  agricultural  technology 
specifically  for  the  developing 
countries.  This  in  turn  meant  esta- 
blishing indigenous  agricultural 
experiment/research  stations.  Scat- 
tered efforts  to  do  so  through  the 
mid-1960's  often  had  mixed  results. 
Even  where  some  excellent  colleges 
of  agriculture  were  developed,  the  re- 
search function  played  a  relatively 
modest  role.  Few  realized  what  it 
took  to  get  a  meaningful  research 
program  underway.  Still,  some  prom- 
ising beginnings  were  made,  both  at 
the  national  and  international  level. 

Emergence  of  System 

By  the  late  1960's,  the  various  re- 
search activities  began  to  bear  fruit. 
They  also  began  to  coalesce  into  what 
was  to  become  the  framework  of  an 
international  agricultural  research 
system  focused  upon  food  needs  of 
the  developing  nations. 

There  were  three  major 
components  to  this  system: 

1)  international  agricultural 
research  centers  (IARC's), 

2)  national  research  systems  in 
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Agricultural  research  —  a  neces- 
sity to  improved  crop  yields  — 
has  long  been  neglected  in  most 
developing  countries. 

developing  nations,  and 

3)  national  systems  in  developed 

nations. 

The  IARC's  were  located  in  de- 
veloping nations  and  usually  served 
as  the  centerpiece  of  the  system. 
They  generated  new  and  improved 
technology,  drawing  upon  appro- 
priate work  elsewhere  for  use  in 
the  developing  nations.  While  some 
of  this  technology  could  be  used  di- 
rectly, generally  it  required  further 
development  and  adaptation  to  local 
conditions.  National  research  sys- 
tems in  developing  nations  were 
needed  for  this  purpose.  National 
systems  in  developed  nations  were  a 
source  of  background  information 
and  more  basic  knowledge. 

The  three  components  of  the  sys- 
tem were,  and  are,  bound  together  by 
informal  agricultural  research  net- 


works. These  networks  are  often 
sponsored  by  the  IARC's  and  in  part 
may  be  an  outgrowth  of  their  inter- 
national variety  testing  trials.  They 
often  center  on  commodities,  but  may 
be  broader  in  orientation.  An  exam- 
ple is  the  spring  wheat  research  net- 
work. The  centers  provide  improved 
germplasm  (varieties)  for  testing, 
and  report  on  the  results.  From  this 
activity,  other  information  activities 
have  been  taken  on  such  as  publish- 
ing international  newsletters,  spon- 
soring conferences,  and  the  like. 
The  centers  also  organize  training 
programs. 

A  significant  result  of  the  exis- 
tence of  the  international  system  is 
that  the  research  worker  focusing  on 
improving  developing  nation  produc- 
tion is  no  longer  alone.  The  workers 
can  draw,  as  appropriate,  upon  a 
world-wide  body  of  knowledge  and 
collaborators.  This  can  make  their 
work  much  more  efficient  and 
productive.  A  synergistic  effect  is 
involved  (the  whole  is  greater 
than  the  sum  of  the  parts). 

13  Centers  and  Programs 

The  IARC's  play  a  key  role  in  this 
system.  As  of  1981,  there  were  13  in- 
ternational centers  and  programs 
sponsored  by  the  Consultative  Group 
on  International  Agricultural  Re- 
search (CGIAR)  and  several  other  in- 
ternational centers  outside  of  this 
group.  Together,  they  cover  nearly  all 
the  major  food  commodities  and 
ecological  zones  in  the  developing 
world. 

While  a  wide  range  of  activities 
are  represented  by  these  centers  and 
programs,  they  do  share  certain 
common  characteristics.  These  relate 
principally  to  their  international 
character:  they  are  sponsored  by  a 


260 


International  Agricultural  Research  Centers 
and  Programs  Sponsored  by  the  CGIAR*,  1981 

Center  and  Program  Location 


Established 


Center: 

International  Rice  Research 
Institute 

International  Maize  and  Wheat 
Improvement  Center 

International  Institute  of 
Tropical  Agriculture 

International  Center  for 
Tropical  Agriculture 

International  Potato  Center 

International  Crops  Research 
Institute  for  the  Semi-Arid 
Tropics 

International  Center  for 
Research  in  Animal  Diseases 

International  Livestock  Center 
for  Africa 

International  Center  for 
Agricultural  Research  in  the 
Dry  Areas  (desert  areas) 

International  Food  Policy 

Research  Institute 
Program: 
West  African  Rice  Development 

Association 

International  Board  for  Plant 
Genetic  Resources 

International  Service  for 
National  Agricultural 
Research 


Philippines 

1960 

Mexico 

1966 

Nigeria 

1967 

Colombia 

1968 

Peru 

1972 

India 


1972 


Kenya 

1974 

Ethiopia 

1974 

Lebanon,  Syria 

1976 

United  States 

1975 

Liberia 

1971 

Italy 

1973 

Netherlands 

1979 

Research. 

*  Consultative  Group  on  International  Agricultural 


number  of  donors  of  different  types 
from  around  the  world,  and  they 
have  an  international  board  of  direc- 
tors plus  an  international  staff. 
Nearly  all  have  international  status 
in  the  country  in  which  they  are  lo- 
cated (the  International  Food  Policy 
Research  Institute  is,  as  of  mid-1981, 


an  exception).  And  all  have  at  least  a 
regional,  and  generally  an  interna- 
tional, commitment  to  assist  develop- 
ing nations. 

The  CGIAR,  an  informal  affiliation 
of  donors  of  many  types,  is  the  prin- 
cipal sponsoring  group.  Its  principal 
purpose  is  to  stimulate  and  coordi- 
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Workers  harvest  rice  at  the  International  Rice  Research  Institute  in  the 
Philippines,  one  of  the  first  centers  established  to  generate  new  and 
improved  technology. 


nate  funding,  and  provide  general 
guidance  for  the  IARC's  under  its 
aegis.  CGIAR  was  established  in 
1971  under  sponsorship  of  the  World 
Bank,  the  United  Nations  Develop- 
ment Program,  and  the  Food  and  Ag- 
riculture Organization  of  the  United 
Nations  (FAO).  It  is  serviced  by  a 
secretariat  at  the  World  Bank  in 
Washington,  and  by  a  Technical  Ad- 
visory Committee  whose  secretariat 
is  located  at  FAO  in  Rome.  The  group 
is  quite  informal  in  nature  compared 
to  other  international  organizations. 

As  of  mid-1981,  CGIAR  had  33 
donor  members.  These  included  the 
international  assistance  agencies  of 
20  countries  (including  4  developing 
nations),  4  foundations,  3  interna- 
tional organizations,  and  6  regional 
organizations.  Total  contributions  for 
core  (basic)  activities  in  1981  were 
nearly  $140  million.  Several  new 
donors  are  expected  to  join  in  1982. 


Donors  individually  decide  which 
centers  and  programs  they  are  to 
sponsor. 

The  United  States,  through  the 
Agency  for  International  Develop- 
ment (AID),  was  a  charter  member 
of  CGIAR.  It  has  followed  a  policy  of 
providing  about  25  percent  of  the 
total  core  contributions.  While  this 
practice  has  made  AID  the  largest 
single  donor,  the  U.S.  ranks  consid- 
erably lower  in  terms  of  per  capita 
contributions;  it  has  consistently 
ranked  10th  among  the  16  or  17 
developed  nations  in  recent  years. 

Besides  these  core  contributions 
to  the  centers,  AID  and  other  donors 
also  sponsor  special  research  proj- 
ects in  individual  developing  nations 
through  their  bilateral  programs. 
A  number  of  other  AID-sponsored 
research  projects  are  also  tied 
into  the  international  centers  in 
various  ways. 
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What  of  other  food  commodities? 
Man  does  not  live  by  irrigated 
wheat  and  rice  alone.  Improved 
technologies  developed  by  the  centers 
for  other  crops  are  now  finding  their 
way  into  testing  and  use.  Most  are, 
however,  unlikely  to  equal  the  ex- 
traordinary initial  impact  of  the 
high-yielding  varieties  of  wheat  and 
rice.  This  is  partly  because  the  re- 
search base  for  other  crops  is  sub- 
stantially less:  very  little  research 
has,  for  instance,  been  done  on  cas- 
sava (a  tropical  plant  with  a  fleshy 
edible  root).  Also,  the  potential  range 
of  adoption  is  less:  corn  varieties, 
for  example,  must  be  developed  for 
specific  ecological  areas;  other  crops 
are  planted  on  more  limited  areas. 
The  task,  therefore,  is  difficult  and 
often  frustrating.  Yet  a  promising 
start  has  been  made. 

Although  the  clear  focus  of  the 
international  centers  and  the  inter- 
national research  system  is  on  the 
developing  nations,  some  of  their 
products  may  also  benefit  the  de- 
veloped countries.  The  United  States, 
for  example,  is  now  raising  sub- 
stantial areas  of  semi-dwarf  wheat 
and  rice  (roughly  31  percent  of  the 
wheat  area  in  1979  and  12  percent  of 
the  rice  area  in  1980).  Some  va- 
rieties were  imported  from  the  de- 
veloping nations  and  used  directly, 
some  were  the  offspring  of  develop- 
ing nation  varieties,  and  virtually 
all  share  a  common  ancestry.  As 
the  world's  leading  user  of  agricul- 
tural technology,  the  U.S.  benefits 
from  an  expanded  involvement 
in  the  international  research 
network. 

Three  centers  which  are  not  mem- 
bers of  CGAIR  have  fairly  close  ties 
to  it.  AID  helped  establish  the  first 


two  (the  Asian  Vegetable  Research 
and  Development  Center  and  the  In- 
ternational Fertilizer  Development 
Center)  and  is  a  significant  con- 
tributor to  each.  It  sponsors  some 
projects  at  the  third,  the  Interna- 
tional Center  for  Insect  Physiology 
and  Ecology. 

A  few  other  regional  research  or- 
ganizations also  exist  which  have  no 
particular  ties  to  CGIAR.  One  of  the 
most  notable  is  CATIE  (Centro  Ag- 
ronomico  Tropical  de  Investigacion  y 
Ensenanza)  in  Turrialba,  Costa  Rica. 

Accomplishments 

What  has  this  comprehensive  and 
imposing  system  contributed  to  the 
developing  nations  to  date?  The  an- 
swer depends  in  part  on  the  age  and 
mandate  of  the  individual  centers. 
Roughly  10  years  are  needed  to  es- 
tablish a  center  and  get  the  initial 
research  program  underway  to  the 
point  where  improved  technology  is 
available  for  test  in  country  pro- 
grams. Another  5  years  may  be 
required  for  in-country  adaptation 
and  adoption.  This  is  quite  rapid 
compared  to  the  history  of  most 
agricultural  research  systems  in 
developed  nations. 

The  two  oldest  centers,  the  Inter- 
national Rice  Research  Institute  and 
the  International  Maize  and  Wheat 
Improvement  Center,  moved  some- 
what more  rapidly  than  this  general 
time  pattern— partly  because  they 
were  able  to  build  on  a  significant 
research  base  and  partly  because 
their  original  technologies  proved 
widely  adaptable  in  their  basic  form. 

The  area  planted  to  high-yielding 
wheat  and  rice  varieties  (principally 
semi-dwarf  with  short  straw)  de- 
veloped by  these  centers  and  in  re- 
lated national  programs  is  estimated 
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A  Nigerian  extension  agent  checks  corn  at  the  Gusau  Demonstration 
Farm,  a  project  financed  by  a  loan  from  the  World  Bank. 


to  have  grown  from  essentially  zero 
acres  in  1965/66  to  about  135  million 
acres  in  the  1976/77  crop  year.  The 
latter  figure  represented  slightly 
over  a  third  of  the  total  area  planted 
to  wheat  and  rice  in  the  developing 
nations,  an  unparalleled  rate  of 
adoption. 

Both  the  direct  and  indirect  effects 
are  significant.  The  higher  yields 
made  possible  through  adoption  of 
these  varieties  and  associated 
cultural  practices,  particularly 
increased  fertilization,  have  resulted 
in  an  enormous  contribution  to  in- 
creased food  supplies  in  the  develop- 
ing nations.  The  supply  increase  has 
meant  lower  prices  to  consumers. 
There  have  also  been  important  indi- 
rect contributions:  the  shorter  grow- 
ing season  of  these  varieties,  for 
example,  has  often  made  it  possible 
to  grow  an  additional  crop  each 
season— to  carry  out  multiple 
cropping. 

There  have  been,  however,  sub- 
stantial gaps  in  the  process.  The  orig- 
inal varieties  were  largely  developed 
for  irrigated  conditions.  Many  impor- 
tant but  ecologically  less  favored 
zones,  such  as  those  with  more  lim- 
ited water  supplies,  often  did  not 
benefit.  Greater  attention  is  now 


given  to  developing  technologies  for 
these  regions  and  to  better  meet 
other  needs. 


Limitations  of  the  System 

The  international  agricultural  re- 
search network  is  still  relatively 
young.  Both  it  and  its  components 
are  still  not  fully  developed,  and 
have  some  limitations. 

The  IARC's  are  generally  well 
organized,  well  housed,  and  well 
staffed.  But  they  are  of  different 
ages  and  have  quite  different  man- 
dates. For  these  and  other  reasons, 
some  have  moved  faster  than  others 
in  getting  organized  and  getting 
going.  All  but  the  International  Cen- 
ter for  Research  in  Animal  Diseases 
are  applied  research  organizations; 
they  are  not  oriented  to  basic 
research.  And  at  the  applied  end, 
they  must  rely  on  national  systems 
for  field  testing  and  further  devel- 
opment of  the  technologies  they 
have  generated. 

Most  developed  countries  (exclud- 
ing Communist  nations)  both  belong 
to  CGIAR  and  have  made  efforts  to 
increasingly  tie  their  national  sys- 
tems into  the  international  system. 
A  variety  of  approaches  have  been 
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taken  and  the  progress  is  somewhat 
uneven.  It  is  an  area  where  the 
United  States  could  usefully  give 
more  attention,  both  to  better  help 
others  and  for  our  own  benefit. 

On  the  developing  country  end,  a 
major  problem  is  the  limited  stage  of 
development  of  many  national  sys- 
tems, especially  in  Africa.  A  number 
of  assistance  organizations,  including 
the  Agency  for  International  De- 
velopment and  the  World  Bank,  have 
given  high  priority  to  improving 
these  systems,  but  there  is  a  long 
way  to  go.  And  when  the  research 
system  is  established,  there  is  often 
difficulty  in  obtaining  sufficient 
funds  for  its  effective  operation  (a 
problem  also  shared  in  some  de- 
veloped nations). 

The  importance  of  stimulating  de- 
velopment of  national  systems  has 
long  been  recognized  by  CGIAR, 
many  of  whose  centers  were  called 
upon  to  assist  national  systems.  The 
difficulty  was  to  develop  an  appro- 
priate approach.  In  the  late  1970's, 
CGIAR  established  an  International 
Service  for  National  Agricultural  Re- 
search; it  is  now  becoming  operative. 

In  a  related  development,  the  di- 
rectors of  research  institutions  in  the 
developing  nations  have  organized 
themselves  into  an  International 
Federation  of  Agricultural  Research 
Directors  and  may  be  expected  to 
provide  further  impetus  for  develop- 
ing national  systems. 

Challenges 

On  balance,  a  most  promising  inter- 
national agricultural  research  sys- 
tem is  emerging.  The  principal  focus 
is  on  food  crops  in  developing  na- 
tions. The  various  components  are 
somewhat  unevenly  developed  as  yet, 
and  linkages  among  the  various 


components  may  be  inadequate  in 
some  cases.  But  the  significant  fact  is 
that  the  essential  elements  are  in 
place.  The  principal  need  now  is  for 
adequate  financial  nourishment. 
With  it,  the  system  will  be  able  to 
provide  the  technological  basis  for 
further  expansion  in  food  supplies. 

Unfortunately,  funding  may  be  a 
problem  in  the  near  future.  Besides 
the  usual  problems  of  obtaining 
adequate  appropriations  for  research, 
inflation  has  created  special  difficul- 
ties. The  costs  of  running  agricul- 
tural research  establishments,  along 
with  many  other  enterprises,  has  in- 
creased at  a  far  faster  rate  than  the 
availability  of  public  funding.  This  is 
true  of  both  the  international  centers 
and  the  national  research  stations. 
Until  the  supply  and  demand  for 
funds  come  into  better  balance, 
research  will  stagnate  or  decline. 

Agricultural  research  involves  a 
fairly  long  lead  time.  If  we  are  con- 
cerned about  whether  there  will  be 
enough  food  in  the  developing  na- 
tions in  the  future,  we  must  be  con- 
cerned with  the  state  of  agricultural 
research  in  and  for  the  developing 
nations.  We  must  build  today  for  to- 
morrow. Much  has  been  accomplished 
in  recent  years,  more  than  at  any 
time  in  history.  The  challenge  in  the 
next  few  years  will  be  to  maintain 
and  if  possible  enhance  the  momen- 
tum of  the  research  system  we  have 
nearly  in  hand. 


Dana  G.  Dalrymple  is  an  agricultural 
economist  with  the  Office  of 
International  Cooperation  and 
Development,  U.S.  Department  of 
Agriculture.  He  is  on  detail  to  the 
Office  of  Agriculture,  Bureau  for  Sci- 
ence and  Technology,  U.S.  Agency  for 
International  Development. 
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Why  U.N.  Food  Agencies  Are  Important  to  Us  All 

By  Martin  Jkriesberg 


The  American  people  are  not  alone 
in  their  concern  about  world  food 
problems  or  in  seeking  to  remedy  the 
situation  facing  hundreds  of  millions 
in  low  income,  food  deficit  countries. 
International  organizations  are  play- 
ing an  increasingly  important  role  in 
efforts  to  overcome  hunger  and  mal- 
nutrition among  the  world's  poor. 

The  World  Food  Conference  con- 
vened by  the  United  Nations  in 
November  1974  gave  added  impetus 
to  efforts  by  international  organiza- 
tions. Receiving  increased  resources 
from  their  member  governments, 
these  institutions  are  allocating  a 
growing  proportion  of  the  resources 
to  problems  of  food,  agriculture, 
and  rural  development. 

Most  of  the  international  organi- 
zations providing  assistance  to  low 
income  countries  are  autonomous 
bodies  associated  with  the  United 
Nations  system. 

FAO  (Food  and  Agriculture  Or- 
ganization of  the  United  Nations), 
established  in  1945,  is  the  largest  or- 
ganization devoted  mainly  to  prob- 
lems of  increasing  food  production, 
improving  its  distribution  and  con- 
sumption, and  raising  living  stand- 
ards among  rural  people.  FAO  now 
has  147  member  countries  and  is 
headquartered  in  Rome,  Italy. 

FAO  provides  technical  assistance 
and  training  in  all  aspects  of  food 
and  agricultural  development.  It 
holds  periodic  meetings  to  deal  with 
specific  commodity  problems  or  more 
general  problems  such  as  food  sec- 


urity. FAO  collects,  analyzes,  and  dis- 
seminates a  wide  range  of  data  on 
food,  agriculture,  and  rural  develop- 
ment. Its  technical  and  scientific 
reports  have  a  worldwide  audience. 

Types  of  Funding 

Two  categories  of  funding  are  avail- 
able to  FAO:  The  assessed  (quota 
budget)  contributions  by  member 
countries,  and  extrabudgetary  fund- 
ing provided  by  the  United  Nations 
Development  Program,  the  World 
Bank,  and  voluntary  contributions 
by  national  governments.  Most  vol- 
untary contributions  and  contracts 
with  the  other  international  agencies 
are  for  assistance  to  developing  coun- 
tries. For  the  two-year  biennium 
1980-81,  FAO's  quota  budget  was 
$278  million  and  other  fundings 
aggregated  almost  $500  million. 

WFC  (World  Food  Council)  is  one 
of  the  new  international  bodies 
established  as  a  result  of  the  World 
Food  Conference  of  1974.  WFC  seeks 
to  monitor  and  coordinate  followup 
activities  based  on  resolutions  prom- 
ulgated by  the  conference.  WFC  pro- 
vides neither  financial  nor  technical 
assistance.  It  convenes  an  annual 
meeting  at  the  Ministerial  level  to 
assess  the  world  food  situation  and  to 
recommend  policies  and  actions  by 
national  and  international  agencies 
to  improve  conditions —particularly 
for  low-income,  food  deficit  countries. 
Funding  for  WFC  comes  directly 
from  the  U.N.  system;  there  are 
no  other  country  assessments  or 
contributions. 
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The  Food  and  Agriculture  Organization,  headquartered  in  Rome,  has 
147  member  countries. 


UNDP  (United  Nations  Develop- 
ment Program),  headquartered  in 
New  York,  is  the  hub  of  technical  as- 
sistance activities  of  the  U.N.  sys- 
tem. UNDP  develops  five-year  de- 
velopment programs  in  cooperation 
with  aid-receiving  countries.  As  in- 
dividual projects  are  formulated 
within  this  framework,  it  requests 
one  or  more  specialized  agencies 
within  the  U.N.  system  to  execute 
the  project.  UNDP  reimburses  the 
agencies  for  their  work.  FAO  serves 
as  the  executing  agency  for  most 
projects  in  food  and  agriculture 
initiated  by  UNDP 


UNDP  is  supported  largely 
through  voluntary  contributions  of 
member  countries.  In  1979,  a  total  of 
$681  million  was  contributed  by  136 
member  countries,  with  additional 
fundings  for  recently  added  programs 
that  UNDP  administers.  Recipient 
countries  pay  in  local  currencies 
about  60  percent  of  the  project  cost. 
The  United  States  contribution 
in  1979  was  18  percent  of  that 
year's  total. 

UNDP  projects  include:  1)  surveys 
of  natural  resources  that  may  be 
developed;  2)  stimulating  capital  in- 
vestment, based  on  the  surveys; 
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In  Kenya,  funds  from  the  International  Development  Association  help 
develop  a  long-term  program  to  increase  beef  production  by  pastoral 
groups  such  as  the  Masai. 


3)  providing  professional  and  voca- 
tional training;  4)  adapting  modern 
technology  to  projects  in  agriculture, 
health,  education,  and  industry; 
5)  helping  formulate  overall  eco- 
nomic development  plans. 

IBRD  (International  Bank  for  Re- 
construction and  Development— the 
World  Bank  group)  consists  of  three 
institutions.  They  are  the  World 


Bank,  the  International  Develop- 
ment Association  (IDA),  and  the  In- 
ternational Finance  Corporation 
(IFC).  They  share  the  common  pur- 
pose of  providing  and  promoting  a 
flow  of  capital  into  productive  pro- 
jects in  developing  countries.  How- 
ever, they  function  in  different  ways: 
■  IBRD  makes  long-term  loans  at 
conventional  interest  rates. 
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■  IDA  makes  loans  to  the  poorer 
developing  countries  on  very  conces- 
sional terms. 

■  IFC  facilitates  the  flow  of  pri- 
vate capital  for  investment  in  private 
enterprises  in  developing  countries. 

The  World  Bank  group  comprises, 
by  far,  the  largest  source  of  develop- 
ment assistance  on  concessional 
terms.  An  increasingly  large  propor- 


tion of  the  loans  go  to  agriculture 
and  rural  development  projects.  Dur- 
ing each  of  the  past  three  years,  IDA 
provided  over  $1  billion  in  agricul- 
ture credits  —  40  percent  of  its  total 
commitments.  Overall,  the  World 
Bank  made  new  commitments  to 
agriculture  and  rural  development 
projects  of  about  $3  billion  during 
each  of  these  years. 

At  the  most  recent  (1979)  agree- 
ment for  replenishing  IDA  resources, 
the  U.S.  share  for  this  arm  of  the 
World  Bank  declined  to  less  than 
30  percent. 

The  United  States  has  subscribed 
to  23  percent  of  the  World  Bank's 
capital  stock,  but  is  required  to  pay 
in  only  10  percent  of  the  amount  sub- 
scribed, that  is,  about  2.3  percent  of 
the  bank's  total  capitalization.  The 
remainder  is  callable  in  event  of 
need. 

Because  the  bank  borrows  in  the 
world's  capital  markets  —  up  to  the 
level  of  its  subscription— for  funds  it 
lends,  the  United  States  actually 
pays  in  only  about  2  percent  of  the 
bank's  regular  loans. 

Other  international  organizations 
contributing  importantly  to  food  and 
agricultural  development  in  low 
income  countries  include: 

■  IFAD  (International  Fund  For 
Agricultural  Development);  a  new 
U.N.  agency  established  pursuant  to 
resolutions  of  the  World  Food  Con- 
ference. Its  original  funding  of  $1 
billion  is  directed  toward  the  poorer 
developing  countries  and  the  smaller 
producers. 

■  WFP  (World  Food  Program) 
is  a  joint  undertaking  of  FAO  and 
the  U.N.;  it  provides  food  aid  for 
development,  humanitarian,  and 
emergency  needs.  The  United  States 
contributes  about  10  percent  of  its 
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In  Tanzania,  millet  is  sieved  before  storage  at  a  major  warehouse  at 
Dodoma.  FAO  experts  are  helping  the  Government  build  a  national 
grain  reserve. 


overall  Public  Law  480  or  Food-for- 
Peace  resources  to  support  WFP 
activities. 

■  IICA  (International  Institute  for 
Cooperation  on  Agriculture)  is  an 
arm  of  the  Organization  of  American 
States  and  directs  its  technical  assis- 
tance and  training  activities  to  im- 
prove agriculture  and  the  conditions 
of  rural  life  among  Latin  American 
and  Caribbean  countries. 

■  Regional  Development  Banks 
for  Asia,  Africa,  Latin  America  and 
the  Caribbean  operate  like  the  World 
Bank,  with  both  concessional  loans 
(and  grants)  for  specific  projects  in 
accordance  with  developing  country 


needs.  All  have  made  agriculture  and 
rural  development  a  major  part  of 
their  lending  commitments. 

■  Other  U.N.  Agencies  such  as 
the  World  Health  Organization 
(WHO),  the  U.N.  Children's  Fund 
(UNICEF),  and  the  U.N.  Environ- 
ment Program  (UNEP)  also  con- 
tribute to  the  world's  ability  to 
feed  itself.  WHO  is  particularly  con- 
cerned with  health  and  nutrition;  it 
collaborates  with  FAO  on  codes  and 
standards  to  facilitate  trade  and  to 
assure  quality  foods.  UNICEF  is  es- 
pecially involved  in  food  and  nutri- 
tion problems  of  infants  and  children. 
UNEP,  a  relatively  new  U.N.  effort, 
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is  concerned  with  the  environmen- 
tal impact  of  economic  activities 
and  with  conserving  resources  to 
assure  their  productive  capacity 
for  the  years  ahead. 

Benefits  to  the  U.S. 

The  United  States,  as  well  as  the 
countries  receiving  aid,  benefits  di- 
rectly from  the  international  organi- 
zations working  to  improve  the 
food  and  agriculture  situation  in 
developing  countries. 

The  U.S.  people  and  government 
recognize  a  moral  responsibility  for 
assisting  peoples  and  countries  who 
need  help  for  short-term  emergencies 
and  long-term  development.  While 
generous  and  compassionate,  the 
United  States  is  also  concerned  that 
the  burden  of  aid  be  borne  equitably 
within  the  international  community. 

Since  all  governments  contribute 
to  the  international  organizations  ac- 
cording to  their  capability  and/or  on 
a  voluntary  basis,  the  U.S.  share  in 
these  organizations  has  declined  as 
other  country  economies  have  grown. 
The  United  States  now  contributes 
25  percent  to  most  of  U.N.  agencies; 
it  provides  a  much  smaller  propor- 
tion of  funds  for  the  World  Bank  and 
the  regional  development  banks  of 
Asia  and  Africa. 

The  American  people  and  the 
national  economy  benefit  by  the 
purchase  of  U.S.  goods  and  services 
arising  from  membership  in  the  in- 
ternational organizations.  When  the 
World  Bank  and  regional  develop- 
ment banks  make  loans  to  develop- 
ing countries,  most  of  it  goes  for 
purchases  of  goods  and  services 
from  the  United  States  and  other 
industrialized  countries.  Organiza- 
tions like  UNDP  and  FAO  hire 
U.S.  nationals  for  regular  staff 


positions  and  for  scores  of  short 
term  consulting  assignments. 

But  more  importantly,  as  the  de- 
veloping countries  are  assisted  to 
strengthen  their  economies,  they 
become  better  markets  for  U.S. 
goods  —  especially  foods.  Developing 
countries  now  account  for  almost  40 
percent  of  total  U.S.  agricultural  ex- 
ports (and  this  proportion  is  grow- 
ing). Moreover,  improved  economic 
conditions  in  developing  countries 
also  contribute  to  political  stability 
and  moderate  governments. 

Forums  for  Policies 

International  organizations  like  the 
World  Food  Council,  FAO,  and  the 
World  Food  Program  (with  its  gov- 
erning body,  the  Committee  on  Food 
Aid  Policies  and  Programs),  provide 
opportunities  for  U.S.  officials  to  ex- 
plain U.S.  policies  and  the  ways 
these  policies  and  our  kind  of  food 
systems  may  achieve  higher  levels  of 
production  and  consumption.  Where 
international  action  is  needed, 
these  forums  help  the  United  States 
gain  acceptance  for  a  line  of  action 
compatible  with  U.S.  interests 
and  world  needs. 

Because  so  large  a  portion  of  the 
U.S.  agricultural  economy  depends 
on  exports,  good  working  relation- 
ships with  other  governments  and  an 
understanding  of  how  their  food  and 
agriculture  systems  operate  are  es- 
sential to  optimize  U.S.  marketings. 

Moreover,  during  recent  years 
when  many  developing  countries 
have  sought  significant  changes  in 
the  terms  of  trade  for  their  com- 
modities and  a  basic  change  in  the 
economic  order  to  favor  them  more, 
the  international  organizations  have 
provided  opportunities  for  useful 
dialogues.  The  forums  have  been 
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useful  to  moderate  differences  and 
to  permit  accommodations  on 
both  sides. 

International  organizations  such 
as  FAO  and  the  World  Bank  collect, 
analyze,  and  distribute  to  member 
countries  a  great  deal  of  useful  data 
on  food  and  nutrition,  agriculture, 
and  rural  life. 

U.S.  scientists  and  agricultural- 
ists exchange  technical  information 
with  colleagues  in  FAO,  the  regional 
development  banks,  and  others 
worldwide,  through  information  and 
workshops  organized  by  these  inter- 
national agencies  and  through  col- 
legiate interchanges.  The  USDA  ag- 
ricultural report,  World  Fertilizer 
Situation,  for  example,  relies  heavily 
on  FAO  statistics  and  data  for  its  pro- 
jections for  fertilizer  consumption 
and  production  as  well  as  determin- 
ing the  price  of  fertilizer  components. 

U.S.  participation  in  FAO's  com- 
puterized International  Agriculture 
Research  Information  System  facili- 
tates access  to  timely  and  compre- 
hensive information  of  the  world's 
agricultural  literature.  Also,  FAO  is 
the  only  body  carrying  on  global 
fishery  studies  and  data  services; 
U.S.  access  to  this  service  provides 
useful  information  which  would  be 
difficult  to  obtain  otherwise.  Re- 
cently, FAO  reinstituted  a  survey  of 
fiber  production  and  consumption. 
This  was  sought  by  U.S.  cotton  and 
textile  interests. 

Protecting  Plants,  Animals 

International  organizations  —  such  as 
FAO,  the  OAS'  International  Insti- 
tute for  Cooperation  on  Agriculture, 
and  the  U.N.  Environment  Program 
—are  engaged  in  efforts  to  improve 
soil  and  water  management,  achieve 
a  more  balanced  use  of  forest  lands 


and  fishing  waters,  prevent  deserti- 
fication, and  protect  animals  and 
plants  against  desert  locusts,  the 
Mediterranean  fruit  fly,  African 
swine  fever,  foot  and  mouth  disease, 
and  other  plant  and  animal  enemies. 
These  efforts  complement  U.S. 
programs. 

A  noteworthy  example  is  FAO's 
quick  and  vigorous  efforts  to  control 
outbreaks  of  African  swine  fever  in 
Central  and  South  America  where 
this  deadly  virus  killed  millions  of 
pigs  in  1978  and  1979.  IICA,  with 
the  cooperation  of  Haiti,  the  United 
States,  and  other  nearby  countries,  is 
now  engaged  in  seeking  eradication 
of  the  disease  from  Haiti.  Preventing 
spread  of  this  disease  is  of  particular 
importance  to  the  United  States' 
$8.5  billion  hog  industry. 

Participating  in  international  or- 
ganizations sometimes  poses  prob- 
lems for  the  United  States.  Most 
U.N.  agencies  comprise  140-150 
sovereign  governments.  Each  has  a 
somewhat  different  perception  of  the 
world  and  how  its  own  interests 
might  be  advanced  by  the  interna- 
tional body.  The  large  majority  of 
member  countries  are  poor— by  com- 
parison with  the  U.S.  and  other  in- 
dustrialized countries  like  Japan, 
Germany,  and  Sweden.  Most  poor 
countries,  as  a  group  or  bloc,  seek  to 
use  the  machinery  of  the  U.N.  sys- 
tem to  improve  their  economic  condi- 
tions, and  some  of  their  proposals 
seem  wrong  and  unacceptable  to  the 
United  States. 

There  is  also  considerable  misun- 
derstanding about  the  nature  and 
functioning  of  the  U.N.  system.  The 
United  Nations  General  Assembly 
and  Security  Council  at  the  U.N. 
headquarters  in  New  York  are  often 
engaged  in  political  debates  and  pass 
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resolutions  that  the  United  States 
sometimes  opposes.  But  these  actions 
are  distinct  and  apart  from  the  ac- 
tivities of  the  autonomous  specialized 
agencies  such  as  FAO,  the  World 
Food  Program,  and  the  International 
Fund  for  Agricultural  Development, 
which  devote  themselves  to  technical 
aspects  of  improving  the  world  food 
situation.  The  World  Bank  and  the 
regional  development  banks,  also, 
carry  on  their  operations  with  little 
involvement  in  political  issues. 

As  the  preeminent  world  power  in 
matters  of  food  and  agriculture,  the 
United  States  has  played  a  leading 
role  in  the  work  of  the  international 
organizations  concerned  with  im- 
proving world  food  production  and 
consumption.  While  the  U.S.  has 
been  a  principal  provider  of  resources 
for  the  international  organizations, 
it  also  has  been  a  principal 
beneficiary. 

Within  the  U.S.  Government, 
many  agencies  are  involved  in  U.S. 
relations  with  the  international 
organizations  discussed  here — 
particularly  the  Department  of  State, 
the  Department  of  Agriculture,  and 
the  Agency  for  International  De- 
velopment. The  Treasury  Depart- 
ment is  also  involved,  particularly  in 
U.S.  liaison  with  the  international 
development  banks.  An  interagency 
working  group  which  meets  regu- 
larly helps  assure  that  all  interests 
are  represented  and  that  the  United 
States  follows  consistent  policies  in 
all  the  international  forums. 


Hogs  are  checked  for  African 
swine  fever  in  Haiti  where 
the  U.S.  is  helping  eradicate 
the  disease. 
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If  Poor  Nations  Prosper,  U.S.  Picks  Up  Customers 

By  A.B.  Mackie,  T.L.jVollrath,  and  L.C.'|Cesal 


It's  a  fact  of  life  you  can't  buy  any- 
thing without  having  money,  credit, 
or  something  else  to  give  in  ex- 
change. So  it  is  with  nations. 

Developed  and  well-to-do  nations 
trade  much  more  than  less  prosper- 
ous countries.  Each  community  in  a 
developing  country  tends  to  be  self- 
sufficient,  and  trade  lags— even 
among  regions.  Every  step  up  in  de- 
velopment increases  domestic  and 
international  trade.  So  actual  and 
potential  trade  among  countries  de- 
pends on  the  level  of  their  income. 

World  economic  growth  in  recent 
years  has  greatly  increased  interna- 
tional trade,  in  both  farm  and  in- 
dustrial products.  Economic  growth 
has  given  consumers  more  purchas- 
ing power,  and  appetites  for  foods  not 
widely  grown  in  their  countries. 

In  the  developing  nations,  people's 
needs  and  desires  for  more  food  and  a 
better  quality  diet  generally  have  not 
been  satisfied  by  domestic  produc- 
tion. Food  imports,  therefore,  have 
been  increased  to  keep  pace  with  the 
growth  in  consumer  incomes  and  de- 
mand for  food  products.  Thus,  rising 
demand  for  food,  as  well  as  greater 
diversity  of  consumption,  has  led  to 
a  surge  in  international  trade  in 
farm  products. 

Illustrating  the  importance  of  this 
increased  trade  to  the  American 
farmer,  from  1975  to  1980  U.S.  farm- 
ers exported  about  a  third  of  their 
corn  and  nearly  60  percent  of  their 
wheat.  The  stake  of  the  American 
farmer  in  world  agricultural  de- 


velopment and  economic  growth  is 
big  indeed.  Expansion  in  export 
markets  has  become  a  key  element  of 
U.S.  farm  policy  in  the  1970's  and 
will  no  doubt  remain  a  central 
feature  in  the  decade  ahead. 

Shift  in  Foreign  Demand 

Historically,  the  high  income  de- 
veloped countries  provided  the  major 
markets  for  U.S.  farm  exports.  How- 
ever, these  nations  now  have  con- 
sumers who  are  becoming  quite  well 
satisfied.  The  majority  of  their  people 
have  large  enough  incomes  to 
adequately  fill  their  food  needs. 

Moreover,  as  their  incomes  climb 
still  further,  they  are  likely  to  spend 
proportionately  less  on  food.  And 
population  growth  in  developed  coun- 
tries has  dropped  sharply  so  that  it 
accounts  for  but  a  small  part  of  the 
world's  growth  in  demand  for  food. 

Developing  countries,  however,  can 
be  expected  to  take  an  increasing 
share  of  the  world's  growing  demand 
for  food.  Over  the  coming  decades 
this  will  be  the  result  of  rapid  growth 
in  population  and  expected  rises 
in  per  capita  income  and  food 
consumption. 

The  high-income,  developed  coun- 
tries currently  account  for  about 
60  percent  of  all  U.S.  farm  exports. 
While  exports  to  these  countries 
have  been  growing  in  recent  years, 
the  expansion  has  been  primarily  in 
feed  products  and  high-value  food 
products  such  as  fruits.  Exports  of 
food  grains  such  as  wheat  and  rice 
have  gone  up  only  slightly. 
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Future  expansion  of  U.S.  farm  ex- 
ports to  high-income  countries  will 
come  primarily  from  increases  in 
population  and  shifts  in  consumer 
demand  to  higher  quality  foods  such 
as  meats  and  animal  products.  These 
consumer  shifts  are  predictable  and 
usually  result  in  growing  imports  of 
feeds  and  feedgrains  used  to  produce 
livestock,  and  thereby  affect  com- 
modity composition  as  well  as  the 
rate  of  growth  in  import  demand. 

Low-income  developing  countries 
currently  account  for  about  30  per- 
cent of  all  U.S.  agricultural  exports. 
Most  of  the  growth  in  their  demand 
for  U.S.  exports  has  been  for  food 
grains. 

Acceleration  Seen 

Growth  in  total  demand  for  food  in 
the  developing  countries  can  be  ex- 
pected to  accelerate  greatly  as  per 
capita  income  rises  because  the  rela- 
tively poor  people  in  these  countries 
spend  a  large  part  of  their  income 
on  food. 

Income  growth  in  the  developing 
countries  usually  causes  total  de- 
mand for  food  to  go  up  faster  than 
domestic  producers  can  satisfy  it, 
thus  boosting  the  demand  for  food 
imports.  About  90  percent  of  the 
world's  population  growth  is  taking 
place  in  developing  countries.  So  not 
only  will  the  demand  for  food  imports 
go  up  because  of  rising  incomes,  but 
also  due  to  the  large  increase  in  the 
number  of  people  to  be  fed. 

A  recent  U.S.  Department  of  Ag- 
riculture (USDA)  study  shows  that 


with  a  10  percent  per  capita  income 
rise  in  high-income  countries  (coun- 
tries with  per  capita  income  of  more 
than  $700  per  year),  farm  imports 
from  the  United  States  increase  only 
2  percent.  But  in  low-income  coun- 
tries (nations  with  less  than  $400  per 
capita  income)  they  jump  nearly  16 
percent  when  per  capita  income 
goes  up  10  percent. 

Recent  experience  has  borne  out 
implications  of  the  USDA  study.  Ac- 
cording to  the  Food  and  Agriculture 
Organization  (FAO),  from  1967-79 
the  developed  nations  increased  their 
total  volume  of  imports  of  agricul- 
tural products  from  all  countries  by 
40  percent.  The  developing  countries 
increased  their  volume  by  108  per- 
cent. In  terms  of  value,  the  imports 
climbed  14.4  percent  a  year  in  de- 
veloping countries  but  only  13.3  per- 
cent per  year  in  developed  nations. 

Foreign  economic  growth  and  ag- 
ricultural development  is  important 
to  the  American  farmer.  An  exami- 
nation of  14  selected  countries,  with 
average  annual  growth  rates  in  farm 
output  substantially  greater  than 
in  the  United  States,  shows  that 
economic  growth  increased  consumer 
income  levels  to  the  extent  that  their 
present  imports  of  U.S.  farm  prod- 
ucts are  an  average  of  1,643  percent 
greater  than  in  1954-55. 

There  are  large  potential  markets 
for  U.S.  farm  products  in  the  develop- 
ing countries  of  Latin  America,  Asia, 
and  Africa.  But  if  these  countries  are 
to  become  effective  commercial  mar- 
kets, they  must  achieve  higher  levels 
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In  China,  rice  hulls  are  processed  and  bagged  for  use  as  animal 
feed.  China  hopes  to  increase  meat  production  and  could  emerge  as 
an  important  customer  for  U.S.  farm  products. 


of  economic  growth— most  likely 
associated  with  higher  levels  of  ag- 
ricultural development,  enabling 
them  to  pay  for  additional  farm 
imports. 

Farming  Is  the  Key 

In  developing  countries  80  to  90  per- 
cent of  the  population  lives  in  rural 
areas.  Thus,  a  large  part  of  the  labor 
force,  often  representing  the  most 
abundant  resource  available  to  the 
country,  is  directly  or  indirectly 
linked  to  farming.  Effective  mobiliza- 
tion of  this  human  resource  through 
employment  is  essential  to  economic 
growth. 

In  the  early  development  stage  of 
these  countries  the  farm  sector  ac- 
counts for  most  of  the  economic  activ- 
ity. So  increasing  the  productivity  of 
this  sector  significantly  expands 
overall  economic  activity.  This  can  be 
done  by  introducing  modern  fertiliz- 
ers, pesticides,  and  high  yielding 
varietal  seed. 


Nonfarm  economic  activity  is  very 
limited  and  thus  there  are  few  oppor- 
tunities for  hiring  wage-labor  outside 
of  farming.  A  significant  part  of  the 
effort  to  increase  per  capita  income 
must  be  focused  on  people  who  gain 
their  livelihood  in  agriculture. 

Since  per  capita  income  is  low,  the 
average  family  devotes  most  of  it  to 
buying  food  and  can't  afford  to  buy 
nonessentials.  Thus,  the  demand  for 
food,  a  primary  need,  is  much  greater 
than  the  demand  for  products  from 
domestic  nonfarm  industry. 

These  conditions  that  dominate  the 
low-income  countries  mean  that  ag- 
ricultural development  plays  a  sig- 
nificant role  in  the  economic  growth 
process.  Hence,  the  main  focus  of 
initiatives  to  accelerate  economic 
growth  in  most  of  the  countries  should 
be  on  agricultural  development. 

Stimulating  Growth 

Viewed  in  the  context  of  general 
economic  expansion,  agricultural 
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can  be  grown  by  domestic  farmers 
or  imported. 

Agricultural  development  stimu- 
lates productive  linkages  between 
different  sectors  of  the  economy.  It 
generates  more  rural  income  which 
is  used  both  to  buy  nonfarm  inputs  to 
boost  agricultural  production  and  to 
purchase  nonfarm  consumption 
goods.  This  stimulates  industrial 
growth. 

Moreover,  it  promotes  growth  in 
other  sectors  of  the  economy  by  re- 
leasing labor  from  agriculture  for 
employment  elsewhere.  Increases  in 
farm  productivity  permit  fewer  re- 
sources to  be  used  for  producing  a 
given  level  of  farm  output. 


development  stimulates  economic 
growth  in  several  ways.  First,  it  in- 
creases the  output  of  farm  products 
needed  to  meet  a  country's  growing 
food  needs. 

In  early  stages  of  development, 
when  per  capita  income  is  low,  in- 
creases in  the  total  demand  for  food 
are  primarily  a  result  of  population 
growth.  Rising  incomes,  improved 
health  facilities,  and  a  desire  for  im- 
proved nutrition  essentially  assure 
that  population  growth  will  remain 
high  in  the  foreseeable  future. 

As  countries  move  from  the  low- 
income  to  the  high-income  develop- 
ment stage  there  is  a  marked  rise  in 
demand  for  high  quality  food.  This 
is  due  to  shifting  from  primary  reli- 
ance on  foodgrains  and  staples  to  in- 
creased consumption  of  high  protein 
animal  products. 

Since  production  of  animal  prod- 
ucts requires  large  amounts  of 
feedgrains,  there  is  a  significant 
jump  in  demand  for  grains  that 


Leads  to  Investments 

Another  contribution  is  through  in- 
creasing the  supply  of  domestic  sav- 
ings. In  early  development  stages, 
income  from  farming  is  greater  than 
that  from  other  areas.  A  part  of  this 
is  transferred  in  the  form  of  capital 
to  nonfarm  sectors  where  it  is  used  to 
finance  investments  in  infrastruc- 
ture, manufacturing,  educational 
facilities,  and  other  government 
services  essential  to  promotion  of 
overall  economic  growth. 

Finally,  development  of  agriculture 
may  result  in  larger  exports  of  farm 
products,  thereby  earning  foreign  ex- 
change that  can  be  used  to  increase 
imports.  In  all  countries  certain 
items,  including  some  farm  com- 
modities, can  be  imported  more 
cheaply  than  they  can  be  produced 
domestically.  Thus,  agricultural  de- 
velopment often  makes  it  possible  for 
a  country  to  acquire  less  expensive 
consumer  goods  from  abroad.  Also,  it 
may  permit  importing  of  capital  in- 
puts needed  for  industrial  expansion. 
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In  developing  countries,  most  of  the  labor  force  is  linked  to  agriculture. 
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Highly  successful  development  of 
agriculture  in  other  countries,  Japan 
and  Korea  for  example,  is  often  ac- 
companied by  increased  U.S.  exports 
of  agricultural  commodities  to  those 
countries. 

These  discussions  show  that  U.S. 
farm  exports  climb  as  economic 
growth  in  other  countries  transforms 
them  from  low-income  to  high- 
income  nations.  Agricultural  devel- 
opment plays  a  vital  role  in  fostering 
economic  growth  in  the  low-income 
countries.  Thus,  through  trade  link- 
age, prosperity  of  the  American 
farmer  is  directly  related  to  agricul- 
tural development  and  economic 
growth  in  other  nations. 

Most  countries  can't  achieve  a  high 
level  of  economic  and  social  develop- 
ment on  the  shaky  foundations  of 
rural  stagnation  and  poverty.  Such 
conditions  exist  in  many  of  the  less 
developed  countries  today  where 
most  of  the  people  live  and  make 
their  living  by  farming. 

The  Issue  of  Competition 

Frequently,  the  issue  of  foreign  ag- 
ricultural development  and  U.S. 
farm  exports  become  confused  with 
questions  of  competition  for  existing 
markets. 

Short-run  competitive  relation- 
ships do  arise  and  will  always  exist. 
However,  this  is  not  nearly  as  serious 
with  the  low-income  developing 
countries  as  it  is  with  the  high- 
income  developed  countries  where 
production  tends  to  parallel  that  of 
the  United  States. 

In  any  event,  the  interest  of 
American  farmers  is  to  expand  the 
total  world  market  by  enhancing  the 
ability  of  more  countries  to  import 
U.S.  farm  commodities. 


Given  a  large  and  rapidly  expand- 
ing world  market  for  food,  U.S.  ag- 
riculture can  find  opportunities  to 
adjust  production  patterns  and  ex- 
pand total  export  sales.  It  is  in  work- 
ing for  this  larger  pie,  rather  than  for 
a  slightly  larger  piece  of  a  shrinking 
pie,  that  the  American  farmer's 
economic  interests  are  best  served. 

Policymakers  have  not  ignored 
the  importance  of  promoting  foreign 
agricultural  development  as  a  means 
of  expanding  potential  markets  for 
U.S.  farm  commodities. They  have 
recognized  that  in  the  longer  term 
the  United  States  can  sell  its  farm 
products  only  to  those  who  can 
pay  for  them. 

In  the  past  this  has  usually  meant 
the  people  in  the  richer  nations. 
However,  with  the  foreign  aid  pro- 
grams in  the  postwar  years,  includ- 
ing the  Food  for  Peace  Program  and 
Public  Law  480,  U.S.  exports  of  food 
products  to  developing  countries 
have  increased  greatly.  Korea  and 
Japan  are  two  countries  that  pro- 
vide good  examples  of  how  our  assist- 
ance has  helped  other  countries 
become  paying  customers. 

During  the  early  1950's  the  United 
States  provided  these  two  countries 
with  development  assistance.  In  1980 
American  farmers  sold  them  $7.9 
billion  of  farm  commodities. 

Many  other  countries  have  been 
major  recipients  of  U.S.  economic  and 
technical  assistance;  a  number  have 
graduated  from  the  need  for  such  aid. 
Because  their  economic  growth  has 
been  more  rapid,  they  have  increased 
their  imports  of  U.S.  farm  products 
more  than  the  average  for  all  of  the 
developing  countries. 

It  is  this  potential  for  continuous, 
long-term  expansion  of  the  world 
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During  the  1950's,  Japan  and  Korea  were  large  recipients  of  food 
assistance  programs.  Today  they  are  among  our  best  customers, 
purchasing  almost  $8  billion  in  farm  commodities. 


market  for  agricultural  products 
that  answers  the  question:  "What  is 
the  economic  interest  of  American 
farmers  in  the  U.S.  foreign  aid 
program?" 
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Section  Six 
Looking  Ahead 
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r    Enough  Food?  Sure,  If  We  Don't  Play  It  Dumb  J 

By  Don  Paarlberg 


Pessimism  has  arisen  about  the 
ability  of  the  earth  to  feed  its 
people.  Burgeoning  population 
growth,  rising  enery  costs,  doubts 
about  the  adequacy  of  the  agricul- 
tural resource  base,  pre-emption  of  a 
disproportionate  share  of  available 
food  by  the  well-to-do,  allegations 
that  discovery  of  new  agricultural 
knowledge  is  lagging,  and  misgivings 
about  weather  in  the  years  ahead  are 
cited  in  outlining  a  dismal  food 
prospect  for  the  poor  people  of 
the  world. 

A  parallel  form  of  pessimism  has 
arisen  regarding  ability  of  American 
agriculture  to  meet  the  demands 
likely  to  be  laid  upon  it.  No  one 
doubts  that  our  farmers  will  be  able 
to  satisfy  the  food  needs  of  domestic 
consumers;  concern  arises  about  our 
ability  to  meet  the  projected  needs  of 
other  countries. 

The  generally-accepted  view  is 
that  between  now  and  the  year  1985, 
U.S.  exports  of  agricultural  products 
will  have  to  expand  5  to  8  percent  a 
year.  This  would  mean  that  by  the 
mid-Eighties  the  United  States  could 
be  exporting  175  million  tons  of 
grains  and  oilseeds,  compared  with 
80  million  in  the  early  Seventies. 

Can  this  be  done?  Doubters  warn 
that  it  may  be  difficult,  or  that  it  can  \ 
be  accomplished  only  with  a  sharp 
increase  in  the  real  price  of  farm 
products,  or  that  it  cannot  be  done 
at  all.  Here  are  some  of  the  cited 
obstacles: 

8  Our  retired  acres  are  in  use; 


the  reserve  we  formerly  had  is  now 
committed. 

■  Cropland  is  being  lost  to  ur- 
banization and  to  erosion. 

■  The  gasohol  program— if 
implemented— would  require  by 
1990  the  production  of  from  15  to  23 
million  acres,  about  5  percent  of 
our  farmland. 

■  Research  inputs  are  said  to  be 
lagging  and  no  new  breakthroughs 
are  foreseen. 

■  Weather  for  the  years  ahead  is 
projected  to  be  less  favorable  than 
weather  we  have  exerienced  in  the 
past. 

H  High  energy  costs,  depleted 
groundwater  supplies,  and  tough  en- 
vironmental restrictions  are  said  to 
limit  our  production  capability. 

All  told  the  conventional  appraisal 
makes  a  dreary  outlook  so  far  as 
world  food  needs  are  concerned.  Or, 
viewed  from  a  different  perspective, 
it  can  be  seen  as  the  prospect  for 
tighter  food  supplies  and  higher 
incomes  for  American  farmers. 

Institution  Views 

This  appraisal  is  shared,  in  greater 
or  less  degree,  by  an  impressive 
group  of  institutions:  the  Food  and 
Agriculture  Organization  of  the 
United  Nations  (FAO),  the  World 
Food  Council,  the  International 
Food  Policy  Research  Institute,  the 
World  Bank,  the  Overseas  Devel- 
opment Council,  and  the  World- 
watch  Institute. 

The  assessment  is  explicit  or  im- 
plicit in  a  number  of  recent  reports: 
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Although  hunger  still  plagues  many  throughout  the  world,  the  child 
death  rate  has  dropped  and  the  average  lifespan  is  lengthening. 


The  Global  2000  Report,  the  Report 
of  the  Presidential  Commission  on 
World  Hunger,  and  the  Report  of  the 
Brandt  Commission. 


There  have  been  pessimistic  ap- 
praisals of  the  world  food  situation  in 
the  past:  a  neo-Malthusian  food  scare 
shortly  after  World  War  II;  another 
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in  1964-65  with  the  poor  crop  in 
South  Asia;  another,  much  worse,  in 
1966-67,  when  drought  struck  India. 

There  is  the  recent  memory  of  the 
world  food  alarm  during  1972-75,  as- 
sociated with  poor  crops  in  a  number 
of  countries. 

At  the  time  these  episodes  appear- 
ed to  most  analysts  to  be  unfor- 
tunate departures  from  normal.  The 
prospective  situation,  as  it  is  popu- 
larly perceived,  has  in  it  more  of  a 
continuing  element. 

The  current  assessment  of  tight 
prospective  food  supplies  is  the  most 
remarkable  in  that  it  replaces  an 
opposite  view,  which  generally  pre- 
vailed for  the  40  years  from  1933  to 
1973.  The  dominant  appraisal  at  that 
time  was  that  we  had  excess  agricul- 
tural capacity  and  that  American 
agriculture  was  so  structured  as  to 
overproduce,  more  or  less  on  a  con- 
tinuous basis.  Elaborate  theoretical 
explanations  were  offered  to  support 
that  view. 

This  chapter  will  assess  the  new 
mind-set  oriented  toward  shortage 
rather  than  surplus.  I  call  this  per- 
ception "the  scarcity  syndrome." 

Problem  Diminishes 

First,  let's  look  at  the  world  food 
situation.  To  many  people  who  never 
missed  a  meal  except  by  choice  the 
precarious  nature  of  the  world's  food 
economy  is  a  new  and  frightening 
discovery.  They  have  only  recently 
come  to  learn  of  it,  chiefly  by 
television. 

Actually,  hunger  is  as  old  as.  his- 
tory. The  world  literally  lives  from 
hand  to  mouth,  never  more  than  one 
crop  away  from  hunger.  The  persist- 
ent and  ancient  fact  of  hunger  shows 
how  deep  the  problem  is. 


Objectively  viewed,  the  world  food 
problem  is  diminishing.  Consider 
these  facts,  agreed  to  by  practically 
all  who  have  studied  the  matter 
closely. 

The  average  lifespan  is  lengthen- 
ing, even  in  the  poorest  countries.  In 
1960,  life  expectancy  at  birth  in  the 
low-income  countries  was  42  years. 
By  1978  it  had  risen  to  50  years. 
Somehow  people  had  been  able  to 
obtain  the  food  needed  to  lengthen 
their  lifespan  by  8  years. 

The  child  death  rate  is  dropping. 
In  the  low-income  countries  the 
death  rate  among  children  in  the 
1  to  4  bracket  declined  from  30  per 
thousand  in  1960  to  20  per  thousand 
in  1978.  These  recently-born  children 
were  getting  the  food  and  health  care 
that  increased  the  survival  rate  by  14 
percent  during  a  period  of  18  years. 

Birthrate  Decline 

By  dint  of  education,  improved  living 
levels,  social  change,  and  public 
programs,  the  birth  rate  is  coming 
down.  In  low-income  countries  the 
crude  birth  rate  in  1960  was  48  per 
thousand;  by  1978  it  had  fallen  to  39. 

With  the  decline  in  the  birth  rate, 
the  rate  of  increase  in  population  has 
begun  to  taper  off.  During  the  mid- 
Sixties  the  world  population  was 
growing  at  a  rate  of  about  2.0  percent 
per  year;  an  estimate  of  the  current 
rate  is  about  1.8  percent. 

Average  per  capita  food  production 
in  the  less  developed  countries  has 
crept  irregularly  upward  during  the 
past  quarter  century.  By  1979,  a  poor 
year,  it  stood  at  105  percent  of  the 
1961-65  level.  Food  production  in  the 

Bangladesh  has  the  potential 
to  greatly  increase  its  rice 
production. 
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less  developed  countries  has  kept  a 
half-step  ahead  of  population  growth. 

The  astounding  fact  is  that  per 
capita  food  production  in  the  less 
developed  countries  moves  irregular- 
ly upward,  almost  without  regard  to 
whether  the  public  perception  is  that 
of  surplus  or  shortage.  There  are 
slight  deviations,  resulting  from  good 
and  poor  crops.  But  for  the  25  years 
of  record  the  improving  trend  is  clear. 

Only  about  half  the  world's  tillable 
acreage  is  in  cultivation.  True,  the 
potentially  tillable  acres  are  less 
well-suited  to  agriculture  than  those 
now  in  use.  They  are  more  remote. 
Development  would  take  enormous 
investment  and  much  time.  The 
acres  we  now  use  were  not  developed 
in  painless  fashion;  we  should  not  be 
disheartened  by  the  fact  that  new 
development  will  also  be  costly. 

Bangladesh,  India 

There  is  opportunity  for  increased 
food  production  in  the  developing 
countries.  Bangladesh,  though  well 
endowed  agriculturally,  has  a  rice 
yield  per  acre  only  half  as  great  as 
South  Korea,  which  is  less  favored  by 
nature.  Improvements  are  coming 
about.  India,  written  off  by  the  Pad- 
docks in  1967  as  being  beyond  hope 
was  a  grain  exporter  in  1980. 

New  agricultural  knowledge  is 
being  generated.  Annual  expenses 
for  publicly-supported  agricultural 
research  have  increased  worldwide, 
in  real  terms,  more  than  five-fold 
since  1951,  and  three-fold  since  the 
early  1960's.  Almost  everywhere,  ag- 
ricultural production  is  increasing  by 
different  rates  from  different  levels. 


Ten  percent  of  the  world's 
population  receive  less  food  than 
they  need  for  good  bodily  health. 


The  developing  countries  are 
learning  to  meet  the  food  needs  of 
their  poor  people.  Experience  is  being 
gained  with  fair  price  shops  and 
fbod-for-work,  giving  hope  that  those 
on  the  lower  rungs  of  the  income 
ladder  may  share  more  fully  in 
expanded  food  production 

Overall  production  has  increased 
for  non- agricultural  output  as  well  as 
for  farm  products.  The  average  per 
capita  rate  of  growth  in  real  gross 
national  product  in  the  low-income 
countries  was  1.6  percent  annually 
from  1960  to  1968. 

The  projected  need  for  increased 
food  imports  in  the  developing  world, 
much  of  which  is  expected  to  come 
from  the  United  States,  results  not 
from  any  diminution  in  average  per 
capita  food  production  there.  It  comes 
from  the  fact  that  the  anticipated 
increase  in  average  per  capita  food 
production  is  less  than  the  increase 
that  would  be  necessary  to  satisfy 
the  greater  per  capita  demand.  The 
greater  per  capita  demand  is  the 
happy  result  of  rising  living  levels 
in  the  low-income  countries. 

The  projections  show  there  will  be 
a  larger  amount  of  food  in  the  aver- 
age person's  bowl,  but  not  as  much 
more  as  his  better  economic  cir- 
cumstances would  appear  to  warrant. 
Attention  has  become  focused  on  the 
limited  size  of  the  increase,  which 
has  been  labeled  a  shortfall. 

Scourges  Restrained 

The  twin  scourges,  hunger  and  dis- 
ease, have  been  so  restrained  as  to 
make  inappropriate  the  high  birth 
rate  that  earlier  had  been  necessary. 
The  still-high  birth  rate  produces  the 
rapid  population  increase,  which  does 
indeed  lay  a  heavy  responsibility 
on  agriculture. 
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Question:  Would  the  world  prefer 
the  earlier  condition,  with  high  mor- 
tality so  limiting  the  population  as  to 
place  no  real  challenge  on  agricul- 
ture? Not  likely.  Everywhere  the 
people  have  opted  for  what  they  con- 
sider the  preferred  problem,  feeding 
the  more  numerous  individuals 
who  now  survive. 

None  of  this  recitation  is  intended 
to  gloss  over  a  world  food  situation 
which  is  and  always  has  been  pre- 
carious. Averages  are  deceptive.  The 
food  situation  is  grave  indeed  for  the 
many  millions  whose  incomes  and 
food  intakes  are  far  below  average. 

According  to  the  FAO  there  are 
some  450  million  people,  10  percent 
of  the  world's  population,  who  receive 
less  food  than  they  need  for  good  bod- 
ily health.  Many  millions  have  such 
low  incomes  that  they  would  not  get 
enough  food  even  if  production  were 
greatly  increased.  There  are  whole 
areas,  particularly  some  African 
countries,  in  which  per  capita  food 
production  is  declining. 

The  important  point  remains:  the 
world  food  situation,  though  precari- 
ous, is  not  worse  than  it  was;  it  is 
better.  Our  heightened  perception  of 
the  problem  makes  it  appear  worse. 

Consider  the  past.  A  study  at 
Nanking  University  revealed  that 
from  108  B.C.  to  1911  A.D.  there  were 
1,828  famines  in  China,  or  nearly  one 
somewhere  every  year.  Between  the 
years  10  and  1846  A.D.  there  were 
201  famines  in  the  British  Isles. 

In  the  Western  World  the  scourge 
of  famine  has  been  defeated.  In  the 
low  income  countries  it  has  been 
driven  back  but  not  defeated.  There 
have  been  recent  famines  in  Biafra, 
Kampuchea,  Ethiopia,  Ogaden,  and 
Timor.  These  were  more  the  result  of 


war  and  civil  disorder  than  failure 
of  agriculture. 

Not  only  is  the  world  food  situation 
improving;  there  is  the  prospect  that 
it  will  improve  further.  There  are,  in 
place  or  in  prospect,  the  institutions 
and  the  knowledge  that,  if  used 
wisely,  would  permit  the  world  to 
escape  hunger  during  the  lifetime 
of  people  now  living. 

Can  U.S.  Fill  Needs? 

Can  American  agriculture  meet 
the  demands  likely  to  be  made  on  it? 
Can  we  meet  the  increased  needs  of 
grain-for-food,  grain-for-feed,  grain- 
for-export,  and  grain-for-gasohol, 
all  at  the  same  time? 

First,  let's  look  at  the  demand  side. 
The  gasohol  program  is  likely  to  be 
cut  back  severely,  thus  reducing  the 
anticipated  draft  on  grain  supplies. 
The  new  Administration  has  re- 
scinded $505  million  of  the  $525 
million  in  loans  authorized  by  the 
previous  Administration. 

Per  capita  consumption  of  red 
meat,  after  increasing  rapidly,  ap- 
pears to  have  stabilized  at  around 
190  pounds.  Cattle  and  hogs  now 
carry  less  finish  than  they  once  did, 
requiring  less  grain  per  pound  of 
meat. 

The  export  demand  on  us  may  be 
less  than  projected.  New  acreage  may 
be  brought  in  by  Brazil,  Thailand, 
the  Sudan,  and  other  nations.  After 
many  years  of  inept  agricultural 
policy  Argentina  may  "get  her  act 
together"  and  make  good  use  of 
her  great  potential. 

If  the  real  price  of  grain  rises,  pro- 
duction will  increase  in  these  coun- 

One  of  the  most  serious  problems 
facing  American  agriculture 
is  loss  of  productive  soil  due  to 
mismanagement  of  the  land. 
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tries,  as  well  as  in  the  United  States. 
Deputy  Secretary  of  Agriculture 
Dick  Lyng  says  that  if  the  price  of 
eggs  rises  high  enough  even  the 
roosters  begin  to  lay. 

Now  let's  look  at  our  production 
capability.  As  to  our  land  resource, 
the  National  Agricultural  Lands 
Study  reports  there  are  127  million 
acres  of  potential  cropland  in  the 
United  States,  besides  the  413  mil- 
lion now  in  use.  True,  these  addi- 
tional acres  are  more  erosive  and 
less  productive  than  those  now 
cultivated.  But  with  modern  con- 
servation tillage  they  could  be 
made  productive. 


Loss  Tally  Disputed 

We  often  hear  that  3  million  acres  of 
farmland  are  being  lost  annually  to 
urban  uses.  This  figure  is  four  times 
too  high.  It  includes  range,  pasture, 
desert,  mountain,  forest  and  other 
areas  not  used  for  crops. 

The  correct  figure  is  675,000  acres, 
two- tenths  of  one  percent  of  our  crop- 
land. This  is  enough  to  cause  adjust- 
ment problems  in  particular  local 
areas  but  not  enough  to  jeopardize 
our  overall  food  production.  People 
who  think  we  are  approaching 
maximum  use  of  our  farmland  should 
visit  Japan  or  Western  Europe  and 
see  what  is  possible. 


The  erosion  problem  is  more  seri- 
ous. Our  huge  modern  machinery  is 
ill-suited  to  the  small  fields,  terraces, 
contour  tillage  and  grassed  water- 
ways appropriate  to  soil  conserva- 
tion. So  fences  are  sometimes  ripped 
out  in  favor  of  large  rectangular 
fields,  laid  out  with  little  regard  to 
slope.  The  result:  increased  erosion. 

Even  so,  up  to  now,  new  technology 
has  increased  overall  soil  productiv- 
ity more  than  erosion  has  reduced  it. 
This  will  continue  to  be  true  at  least 
for  a  time.  Conservation  tillage, 
limited  tillage,  reduced  tillage  and 
zero  tillage  are  being  developed  and 
will  reduce  the  threat  to  our 
productivity. 

There  are  numerous  statements 
that  the  discovery  of  new  agricul- 
tural knowledge  is  lagging.  This 
widely-held  but  erroneous  view 
comes  from  measuring  only  the  Fed- 
eral agricultural  research  expendi- 
tures for  the  traditional  agencies, 
which  are  the  U.S.  Department  of 
Agriculture  and  the  State  Agricul- 
tural Experiment  Stations. 

While  these  agencies  have  experi- 
enced no  real  growth  during  the  past 
15  years,  new  agricultural  research 
institutions  have  been  increasing  in 
number,  in  resources,  and  in  the  sup- 
plying of  new  knowledge.  Among 
them  are:  the  international  research 
network,  which  produced  the  high- 
yielding  varieties  of  wheat  and  rice; 
the  private  foundations,  which  de- 
veloped our  antibiotics;  and  the 
non-land-grant  universities,  which 
discovered  DNA  and  gene-splicing. 

Some  people  say  we  have  pulled 
the  available  knowledge  off  the 
shelves  and  that  it  is  already  in  use 
on  most  of  the  farms.  But  evidence 
to  support  this  view  is  in  doubt.  In 


Iowa,  yields  of  corn  per  acre  continue 
to  rise,  both  on  average  farms  and  on 
the  better  farms,  and  the  margin  of 
the  better  over  the  average  continues 
at  about  60  to  75  bushels— much  as 
it  has  been  in  the  past. 

No  Breakthroughs? 

One  often  hears  this  said:  "Unless 
there  is  a  new  breakthrough,  we  are 
in  for  tight  supplies."  One  should 
ask:  "Why  think  in  terms  of  no 
breakthrough?"  There  have  been  in- 
termittent breakthroughs  ever  since 
agricultural  research  began,  a  cen- 
tury ago.  Why  suppose  they  will  end? 

Working  for  breakthroughs  is  like 
drilling  for  oil.  One  never  knows 
whether  he  is  five  feet  from  a  million 
dollars  or  a  million  feet  from  five  dol- 
lars. But  it  is  unrealistic  to  predict 
all  dry  holes. 

There  likely  will  be  new  technol- 
ogy. Maybe  gene-splicing.  Maybe  tex- 
tured soy  protein.  Maybe  nitrogen 
fixation  for  non-leguminous  crops. 
Maybe  salt-tolerant  crops.  Maybe 
wide  crosses,  like  triticale.  Maybe 
twinning  of  beef  calves.  Or  improved 
photosynthesis.  Or  supplemental 
irrigation.  Maybe  computer-aided 
management.  Or  something  that  we 
cannot  now  imagine. 

Allegations  that  efficiency  gains  in 
agriculture  are  tapering  off  cannot  be 
supported  by  examining  the  record: 

Annual  average  rates  of 
changes  in  productivity  in 
percent  per  year,  U.S. 
agriculture,  1870-1979 

1870-1900  +1.0 

1900-1925  -0.2 

1925-1950  +1.3 

1950-1965  +2.2 

1965-1979  +1.8 
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Anticipations  of  a  leveling-off  in 
productivity  and  efficiency  are  in 
considerable  part  the  reflection  of  a 
mind-set  oriented  toward  shortage. 

Energy,  Weather 

Will  the  tightening  supply  and  high 
cost  of  energy  seriously  limit  agricul- 
tural production  in  the  years  ahead? 
In  certain  areas  and  for  particular 
crops  this  will  be  true.  Fuel  for  lift- 
ing irrigation  water  from  deep  wells 
is  an  illustration.  But  for  most  farm 
products  the  average  dollar  spent  for 
energy  will  return  much  more  than  a 
dollar's  worth  of  production.  This  is 
true  whether  the  dollar  is  spent  for 
such  varying  forms  of  energy  as 
fuel,  fertilizer,  or  pesticides. 

With  a  rising  cost  of  energy  there 
may  be  some  cutback  in  use,  at  the 
margin.  But  as  efficient  energy 
users,  farmers  can  afford  to  bid 
against  their  competition. 

As  for  the  weather,  no  one  knows 
what  it  will  be  like  in  the  years 
ahead.  Long-range  weather  forecast- 
ing has  not  yet  reached  a  state  where 
it  is  useful.  The  best  indication  for 
the  weather  of  the  1980's,  both  as  to 
the  average  and  the  departure  there- 
from, is  the  weather  of  the  previous 
several  decades.  Gloomy  forecasts 
about  the  weather  of  the  next  decade 
tell  us  more  about  the  forecaster's 
state  of  mind  than  about  the  weather. 

On  balance,  it  seems  that  after 
decades  of  decline,  the  trend  in  real 
prices  of  farm  products  is  likely  to 
stabilize  or  rise  modestly  during  the 
years  ahead.  It  will  be  good  if  this 
happens.  By  "real  price"  is  meant  the 
price  corrected  for  inflation. 

Rising  real  prices  will  result  in  the 
commitment  of  new  resources  to  pro- 
duction and  so  an  increased  output. 


There  have  been  new 
breakthroughs  in  farming  since 
agricultural  research  began. 
There  is  no  reason  to  believe  they 
won't  continue. 

They  will  ration  out  the  supply 
among  competitive  users  and  we  will 
have  neither  a  chronic  surplus  nor  a 
lingering  shortage  condition.  We  will 
have  something  like  equilibrium, 
with  years  of  heavier-than-usual 
supplies  and  other  years  of  less- 
than-average  stocks,  depending  on 
weather  and  markets. 

Why  the  Scarcity  Scare? 

How  explain  the  shift  in  public  per- 
ception, which  labeled  the  years  from 
1933  to  1973  a  time  of  surplus  and 
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which  now  considers  the  prospect  to 
be  that  of  scarcity? 

For  40  years  we  held  agricultural 
prices  above  market  clearing  levels. 
Fundamental  economics  tells  us  that 
if  the  price  of  a  competitive  product 
is  held  substantially  and  continually 
above  where  the  market  would  have 
it,  a  surplus  will  result  regardless  of 
what  the  previous  supply-demand 
situation  may  have  been.  The 
"surplus"  of  the  40  years  from  1933 
to  1973  reflected  some  share  of  this 
cause.  Price  policies  in  Western 
Europe  as  well  as  in  the  United 
States  illustrate  the  principle. 

Now  that  we  are  for  the  most  part 
pricing  our  products  competitively, 
the  "surplus"  has  disappeared.  We 
are  generally  in  equilibrium.  This 
should  not  surprise  a  good  analyst. 
We  are  now  essentially  market- 
oriented.  A  fundamental  rule  of 
economics  is  that  in  a  competitive 
industry,  if  the  market  is  allowed  to 
function,  supply  and  demand  will 
come  into  balance  at  something  like 
full  use  of  available  resources. 

For  linear  thinkers  equipped  with 
computers,  two  points  make  possible 
the  location  of  a  third.  We  have  come 
from  surplus  to  equilibrium  and  the 
projected  next  stage  is  scarcity.  An 
econometric  model  which  ignores 
the  effect  of  price  or  which  applies 
short-term  price  coefficients  to  long- 
term  projections  will  inevitably  pre- 
dict disaster.  It  is  like  an  automobile 
set  in  motion  with  the  steering  wheel 
locked  in  a  fixed  position. 

The  prognosis  of  disaster  might 
turn  out  to  be  correct  if  in  our 
concern  about  inflation  we  should 
endeavor  to  hold  food  prices  below 
the  competitive  level.  There  are  dem- 


onstrated methods  of  doing  this: 
embargoes,  price  controls,  and 
manipulation  of  supplies  with  price- 
depressing  intent.  All  of  these 
were  used  briefly,  during  the  mid- 
Seventies. 

Cheap  Food  Policy 

In  a  country  now  97  percent  nonfarm 
and  with  widespread  concern  about 
high  food  prices,  a  cheap  food  policy 
might  be  attempted.  The  rationale 
for  holding  down  food  prices  in  such  a 
setting  would  be  that  "scarcity" 
provided  a  setting  within  which  the 
food  trade  could  "gouge"  the  helpless 
consumer. 

Fundamental  economics  tells  us 
that  if  we  hold  the  price  of  a  competi- 
tive commodity  substantially  and 
continually  below  the  market  clear- 
ing level,  a  shortage  will  develop, 
whatever  the  previous  supply- 
demand  situation  may  have  been. 
Egypt  and  Bangladesh,  with  their 
cheap  food  policies  and  their  food 
shortages,  illustrate  this  principle. 

During  the  Great  Depression, 
when  prices  were  low,  "surplus"  was 
the  accepted  explanation.  The 
surplus  explanation  took  hold  even 
though  the  production  of  crops  and 
livestock  during  1930-34,  the  five 
first  and  worst  years  of  the  Depres- 
sion, was  actually  2  percent  below 
the  production  of  the  5  preceding 
years,  1925-29.  People  know  that, 
other  things  equal,  a  large  supply 
means  a  low  price.  They  saw  the  low 
price  and  reasoned  that  the  supply 
must  be  large;  they  didn't  look  at  the 
actual  volume  of  production. 

"With  inflation  and  high  prices  for 
almost  everything,  people  think 
supplies  must  be  scarce.  They  know 
that,  other  things  equal,  a  short  sup- 
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ply  means  a  high  price,  and  reason 
that  if  prices  are  high  there  must  be 
a  shortage.  They  do  not  look  at  the 
facts.  Interestingly,  while  the  "scar- 
city syndrome"  was  in  gestation,  dur- 
ing the  years  1978-80,  total  produc- 
tion of  crops  and  livestock  was  6  per- 
cent above  that  of  the  three  preceding 
years. 

During  the  time  when  the  percep- 
tion was  that  of  low  prices  caused  by 
surplus,  we  boosted  the  prices  and 
created  a  surplus;  the  assessment  be- 
came self-fulfilling.  Those  who  had 
diagnosed  the  problem  as  surplus 
were  able  to  point  to  the  accumulated 
government  stocks  as  evidence  that 
they  were  correct. 

The  danger  is  that  during  a  time  of 
inflation  the  perception  may  be  that 
of  high  prices  caused  by  shortage;  we 
may  hold  prices  down  and  the  as- 
sessment of  shortage  may  become 
self-fulfilling.  Those  who  said  the 
problem  was  scarcity  would  be  able 
to  point  to  empty  grocery  shelves  as 
vindication  of  their  assessment. 

The  difficulty  comes  from  trying  to 
cure  with  commodity  programs  the 
inflation  and  recession  that  have 
their  origin  not  with  the  commodities 
but  with  inept  fiscal  and  monetary 
policies. 

The  food  situation  is  complex. 
From  the  great  array  of  facts  and 
perceptions,  a  person  with  a  partic- 
ular mind-set  can  select  out  those 
pieces  of  evidence  that  confirm  his 
predisposition.  This  he  does  subjec- 
tively, without  intending  to  deceive 
himself  or  others.  The  mind-set  is 
thus  reinforced.  A  person  with  some 
other  mind-set  can  look  over  the  same 
array  of  fact  and  opinion  and  select 
out  those  items  that  support  his 
presumptions. 


In  a  particular  setting  one  or  the 
other  of  these  perceptions  can  be 
picked  up  and  mightily  reinforced  by 
the  media.  This  explains,  in  part,  the 
Surplus  Scenario  during  the  Depres- 
sion and  the  Scarcity  Syndrome 
during  the  Inflation. 

Enough  Food  IF 

"Enough  food?"  is  the  question 
asked  in  this  chapter.  The  answer  is, 
"There  will  be  enough  IF: 

"IF  we  permit  the  market  to  give 
farmers  the  price  incentives  they 
need,  and 

"IF  we  avoid  subsidizing  the 
conversion  of  a  substantial  share 
of  our  high-value  food  into  low- value 
non-food,  and 

"IF  we  make  the  needed  invest- 
ment to  develop  and  distribute  new 
agricultural  knowledge,  and 

"IF  we  share  with  the  developing 
nations  the  knowledge  and  experi- 
ence we  have  gained  during  the  past 
century,  and 

"IF  the  developing  countries  them- 
selves work  diligently  on  both  sides 
of  the  food  equation,  improving  their 
agriculture  and  reducing  the  rate  of 
growth  in  their  population  numbers." 

Enough  Food?  Yes,  if  we  act  wisely. 
If  there  is  scarcity  it  will  be  because, 
with  unwise  policies,  we  have 
brought  it  upon  ourselves. 

It  is  a  time  for  hope,  which  ener- 
gizes, not  for  despair,  which  ener- 
vates. We  are  the  first  generation  to 
possess  the  capability  of  banishing 
hunger.  We  will  earn  the  thanks  of 
future  generations  to  the  degree 
we  perceive  and  act  on  this  fact. 


Don  Paarlberg  is  Professor  Emeritus, 
Purdue  University,  West  Lafayette, 
Indiana. 


293 


Credits 


Photography 

Joe  Larson  served  as  visual 
coordinator  in  researching, 
acquiring,  and  editing  the 
photographs  for  the  chapters  and  the 
color  section.  Larson  heads  up  the 
audiovisual  staff  of  the  Soil 
Conservation  Service. 

He  received  much  help  from  the 
visual  specialists  from  land  grant 
colleges,  agricultural  magazines  and 
farm  industry.  He  is  especially 
grateful  to  Bob  Elbert  of  the 
American  Soybean  Digest  and 
Chuck  Stephens  of  Stephens- 
Hutchinson  Advertising,  Inc., 
Kansas  City,  Mo. 

Helping  within  USDA  were  Dave 
Warren  of  the  Photography  Center 
and  Bob  Bjork,  visual  officer  with 
the  Agricultural  Research  Service. 
Much  thanks  is  also  due  Larson's 
own  staff,  Diana  Morse,  Chris  Lozos, 
Tim  McCabe,  Jody  Kurty,  and 
Sharon  Shahid. 

Photographer's  credit,  if  known, 
appears  with  photos  throughout  the 
book.  Those  that  don't,  follow. 
Cover — Tim  McCabe 
Page  xxxiii  — Tim  McCabe 


Design,  Printing,  Editing 

Design  Coordinator:  George  Baka, 

Design  Center,  Office  of 

Governmental  and  Public  Affairs 
Printing  Coordinator:  Warren  Bell, 

Printing  Center,  OGPA 
Design:  Deborah  Shelton,  Design 

Center,  OGPA 
Editor:  Jack  Hayes,  Publication 

Center,  OGPA 
Assistant  Editor:  Denver  Browning, 

Publication  Center,  OGPA 
Proofreader:  Charles  Hobbs, 

Congressional  Section,  OGPA 

Colophon: 

Typography 

Text:  Century  Schoolbook  9  point 

with  2  points  leading,  flush  left, 

irregular  right 
Titles:  Helvetica  Bold  12  and  10 

point 
Type  was  composed  on  a 

Mergenthaler  VIP  with 

standard  program. 
Paper 
Text:  120  lb.  white  offset  book. 

Color  signature:  140  lb.  white 

lithocoated  book 
Cover:  Kivar  9  Linenweave 

Finish,  Graphic  white,  Latex 

Saturated 
Printing 
The  full-color  section  of  this  book 

was  printed  on  a  46"  4-unit 

Harris  Cottrell  web  press  with  a 

38%"  cutoff.  The  black  and 

white  section  was  printed  on  a 

2-unit  23"  Harris  web  press 

with  a  19%  "cutoff. 


295 


-'ir 


V 


Index 


Abscissic  acid,  88 
Absher,  Curtis  W.,  92-115 
Acid  rain,  147 
Africa,  6,  215,  219,  255,  270 
African  swine  fever,  272 
Agency  for  International 

Development  (AID),  262 
Agriculture:  and  world 

security,  42-48;  critical 

role,  10-48 
Agricultural  Marketing  Act, 

59 
Agronomy,  250 
AID,  262 

Aid:  food,  238-247 
Alcohol:  37,  204;  production, 

136 
Aldrich,  Lorna,  30-41 
Alfalfa,  24,  111,122 
Aluminum,  147 
Ammonia,  107,  113 
Amphibians,  80 
Angus,  102 
Animals,  92 
Antagonism,  81 
Anthony,  Joseph  P.,  173-175 
Antibiotics,  290 
Antibodies,  127-128 
Antigen,  127 
Antimony,  147 
ANUGA,  237 
Aphids,  80 
Apomixis,  77 
Appert,  Nicolas,  29 
Apples,  78,  167,  220 
Aquaculture,  130 
Argentina,  6,  70,  247,  288 
Arsenic,  147 
Artificial  insemination,  97, 

118 
Asepsis,  195 

Ashby,  B.  Hunt,  173-175 
Asia,  270 
Asparagus,  164 
Auctions:  161;  computerized, 

188 
Australia,  81,  168,  247 
Austria,  247 
Auxins,  88 

Bacteria,  80,  81,  113,  125, 

201 
Bahamas,  220 
Bananas,  20,  23,  182,  215 
Bangladesh,  6,  46,  47,  245, 

287,  292 


Barge,  227 

Barley:  23,  69,  122,  218; 

winter,  89 
Bashaw,  E.  C,  77-79 
Bath,  Donald  L.,  93-94 
Baumhover,  A.  H.,  105 
Bay,  Ovid,  57-62 
Bays,  153 
Beans:  24,  170,  255; 

biological  control,  82; 

green,  172 
Beef:  130,  151,  164,  185, 

193,  237;  cattle,  62;  price, 

159 
Beef  Improvement 

Federation,  112 
Beers,  171 
Beets,  172 
Belgium,  255 
Bellows,  R.  A.,  118-119 
Berries,  78,  89,  90-91 
Beverages,  162,  216 
Biafra,  288 
Bicarbonate,  145 
Biological  control  agents,  80 
Biomass:  37,  124;  fuel,  150 
Bioregulators,  203 
Birds,  80 
Birth  rate,  284 
Block,  John  R„  133 
Blosser,  Timothy  H.,  92-115 
Blott,  Fred,  238-247 
Blueberries,  89,  90 
Bolivia,  245 
Boll  weevil,  58 
Borlaug,  Norman,  254 
Bottles,  199 
Brahman,  102 
Brands,  180-181 
Brangus,  102 

Brazil,  6,  70,  244,  251,  288 
Bread,  47,  167,211 
British  Isles,  288 
Broccoli,  220 
Broilers,  95 
Buffel-grass,  78 
Bull,  111-112,  118 
Bushland,  R.  C,  105 
Butter,  29,  193 
Buttermilk,  202 

Cabbage,  172 
Cadmium,  147 
Caffeine,  201 
Calcium,  92,  145 
Calcium  chloride,  167 


Calcium  hydroxide,  107 
Callis,  Jerry  J.,  119-120 
Calories,  46 
Calves:  97;  deaths,  114-115; 

newborn,  105 
Campbell,  C.  H„  127-128 
Canada,  247 

Cancer:  100,  119;  liver,  201 
Candy,  166 
Canning:  29,  56,  169-170, 

195;  Clubs,  59; 

conventional,  64 
Cans,  199 
Carbohydrates,  205 
Carbon  dioxide,  167,  201, 

205 
CARE,  245 
Cargoes,  227 
Caribbean,  270 
Carlson,  Carl  W.,  120-122 
Carrots,  172 
Cassava,  212,  255 
Castor  oil,  150 
Caterpillars,  127 
Catfish,  130 

Catholic  Relief  Services,  245 
CATIE,  263 
Catsup,  204 
Cattle:  101,  106,  189,  205, 

218;  beef,  62;  embryo 

transfer,  97,  98;  hides, 

226;  reproduction,  118 
Celery,  172 
Cereals,  151,  190,  214 
Cesal,  Lon  C,  274-280 
Ceylon,  215 
CGIAR,  259-265 
Cheese,  28,  162,  167,  171, 

193,  202,  216 
Chemicals:  52,  62,  65,  86, 

141,  216;  types,  88 
Chicken:  61,  95,  106,  130, 

164,  218;  broiler,  14; 

Marek's  disease,  100; 

price,  159 
China,  6,  28,  216,  247,  288 
Chives,  172 
Chloride,  145 
Cholesterol,  199 
Chromium,  147 
Citrus,  78,  173 
Civil  War,  24,  25 
Climate,  211,  215 
Cloning,  77-79 
Clover,  24,  122 
Coal:  130,  135;  reserves,  139 


297 


Coccidiosis,  127 
Cocoa,  162,  216,  250 
Coffee:  20,  162,  192,  215, 

250;  decaffeinated  instant, 

201 
Colombia,  6,  215 
Columbia  Broadcasting 

System,  3 
Commodity  Credit 

Corporation,  236 
Commodity  Exchanges,  161 
Computer:  93,  173,  182-189; 

home,  116 
Conference  carriers,  228 
Conservation:  soil  and 

water,  64 
Conservation  tillage,  145, 

290 
Consultative  Group  on 

International  Agricultural 

Research  (CGIAR),  259- 

265 
CONTACTS,  236 
Containers:  canning,  170; 

shipping,  199 
Contour  tillage,  145 
Cooperatives,  233 
Copper,  147 
Corn:  10,  23,  78,  122,  124, 

172,  218,  243,  262; 

biological  control,  82;  for 

grain,  69,  71;  for  silage, 

111;  hybrid,  60;  leaf 

blight,  74;  tortillas,  211 
Corn  Belt,  65,  69,  106,  143 
Cotton:  10,  18,  57,  122,  211, 

216,  218,  254;  boll  weevil 

damage,  58 
Cowpeas,  122,  255 
Cows:  93,  101,  107-108,  205; 

dairy,  62,  151 
Crayfish,  130 
Crop:  production,  64; 

rotation,  87 
Cropland,  39,  44 
Crossbreeding,  102 
Cruse,  Richard  M.,  65-68 
Crustaceans,  153 
Cucumbers,  89,  167 
Cultivation,  219 
Cultivators,  67 
Cundiff,  Larry  V.,  101-102 
Curacao,  105 
Cytokinins,  88 

Dairy:  cows,  62,  151; 

products,  46 
Dairy  Herd  Improvement 

Association,  62 
Dairy  Herd  Improvement 

Program,  94,  108 
Dalrymple,  Dana  G.,  259- 

265 
Damping-off,  81 


Danforth,  H.  D.,  127-128 

Deere,  John,  25 

Dehydration,  115,  195 

Desert  locusts,  272 

Developing  countries,  274- 
280 

Diarrhea,  115 

Diesel  fuel,  173 

Diet:  46,  92,  151;  improving, 
218;  wheat,  237 

Disease:  55,  125;  foot-and- 
mouth,  120,  272;  heart, 
199;  resistance,  82-84 

Dodder,  81 

Dog  food,  192 

Drainage,  250 

Drained  weight,  197 

Drought,  55,  238,  245,  248 

Drying:  freeze,  164 

Ducks,  81 

Duren,  Edward  P.,  114-115 

Duvick,  Donald  W.,  74-77 

Earthquakes,  238 
Eastern  Europe,  6 
Economics,  210 
Ecuador,  215 
Eddleman,  B.  R.,  50-56 
Eggs:  62,  95,  130,  166,  189, 

193,  205;  prices,  50 
Egypt,  5,  28,  245,  254,  292 
Eiffel  Tower,  220 
Electricity:  in  processing, 

159 
Elevators,  227 
Embargo:  2;  oil,  52 
Embryo:  frozen,  118,  119; 

transfer,  97-98 
Emergencies:  short-term, 

271 
Emerson,  Ralph  Waldo,  131 
Energy:  40,  47,  92,  131,  291; 

costs,  182;  fossil,  130;  oil, 

150;  prices,  50 
England,  5,  27,  29,  213 
Entomology,  250 
Environmental  Protection 

Agency,  196 
Enzymes,  120,  169,  202 
Equipment:  69;  farm,  250 
Erbach,  Donald  C,  65-68 
Erosion:  44,  65,  67,  133,  141, 

282,  290;  control 

measures,  145;  soil,  54,  69, 

219;  water  types,  142; 

wind,  143 
Estuarine  zones,  153 
Ethephon,  88 
Ethiopia,  288 
Ethylene,  88 
Europe,  219 
European  Community,  246, 

247 
Exhibits,  233 


Exporters,  220 

Exports:  18,  36,  210,  211, 

282;  agricultural 

commodities,  218; 

documents,  228;  farm,  232, 

279;  grain,  50;  wheat,  42 
Extension  Service,  59 

Fallowing,  24 

Famine,  2-8,  27,  245,  288 

FAO,  30,  245,  261,  266,  269, 

272,  275 
Far  East,  249 
Farm:  exports,  279;  output, 

16;  productivity,  50-56; 

real  estate,  15 
Fats,  202 

Faust,  Miklos,  90-91 
Fawns,  105 
Feed,  36,  94 
Feedlots,  92 
Feedstock,  37 
Feinstein,  Daniel,  248-258 
Fermentation,  29,  171,  195, 

204 
Fertility:  57;  soil,  146 
Fertilizer:  27,  35,  39,  40,  42, 

52,  64,  65,  141,  210,  219, 

276,  291;  costs,  133;  liquid 

or  dry,  67;  use,  70-72 
Fever,  115 
Fiber,  36,  124,  216 
Figs,  89 

Fill  weight,  197 
Finland,  246,  247 
Fish,  81,  128,  144,  153,  164 
Fisheries,  156 
Flies.  127 
Floods,  238 
Flour,  166,  211 
Food:  30-41,  124,  216;  aid, 

238-247;  drying  and 

salting,  28;  frozen,  192; 

imports,  238,  274;  policy, 

47,  48;  production,  50-56, 

208;  shortages,  245;  trade, 

211-219 
Food  Aid  Convention,  238, 

247 
Food  and  Agriculture 

Organization  (FAO),  30, 

245,  261,  266,  269,  272, 

275 
Food  and  Drug 

Administration,  195 
Food-for-work  projects,  240 
Foot-and-mouth  disease,  120, 

272 
Forage:  109;  harvested,  151 
Ford  Foundation,  254,  256 
Foreign  trade,  162 
Forest  land,  131,  150 
Forestry,  251 
Forker,  Olan  D.,  158-163 


298 


Formaldehyde,  110 

Fossil  energy,  130 

France,  29 

Freeze  drying,  164 

Freezing:  56,  195;  flash,  164 

Freight,  223 

French  fries,  176 

Frozen  foods,  192 

Fruits:  29,  46,  56,  121,  130, 

164,  193,  208,  216,  220; 

citrus,  222;  dried,  166 
Fuel:  68,  291;  automobile, 

173;  biomass,  150;  costs, 

133;  in  processing,  159 
Fumigation,  164 
Fungicides,  60,  146 
Fungus  (fungi),  72,  80,  81, 

125 
Futures  Market,  161,  187 

Gallup  poll,  60 

Gammagrass,  78 

Garlic,  171 

Gasohol:  37,  104;  production, 

136 
Gasoline:  150;  replacement, 

173 
Genes,  82,  108,  124 
Gene-splicing,  290 
Genetics,  130 
Germany,  5,  237,  272 
Germplasm,  74,  77 
Ghana,  215 
Gibberellins,  88 
Goats,  98,  106 
Goering,  H.  Keith,  109-111 
Goodloe,  Carol,  238-247 
Grafting,  91 
Graham,  O.  H.,  104-106 
Grain:  2,  29,  36,  39,  44,  130, 

151,  211,  230,  282; 

exports,  50;  sorghum,  73, 

78 
Grapefruit,  220 
Grapes,  28 
Grasshoppers,  127 
Great  Britain,  168 
Great  Depression,  292 
Green  beans,  172 
Greenhouses,  205 
Green  onion,  172 
Grocery  stores,  177 
Ground  meat,  47 
Groundwater,  54,  140 
Grubs,  127 
Guam,  59 
Gully  erosion,  142 
Guyana,  47 

Haiti,  272 
Hamburger,  158 
Handcrafts,  216 
Handwerk,  Reginald  L.,  164- 
172 


Hanrahan,  Charles,  248-258 
Hanson,  A.  A.,  64-91 
Hardboard,  151 
Hardenburg,  Robert  E.,  164- 

172 
Harris,  Clare  I.,  208-210 
Harvesting,  64,  69,  70 
Hatch  Act,  57 
Hay;  122,  151;  field  drying, 

110 
Health,  199 
Heart  disease,  199 
Heat,  55 
Henderson,  Dennis  R.,  182- 

189 
Herbicides,  60,  67,  68,  70, 

146 
Herpesvirus,  101 
Hoes,  23 

Hogs,  62,  188,  205,  218 
Holleman,  Ken  A.,  95-96 
Home  economics,  251 
Homestead  Act,  13 
Honduras,  245 
Horseradish,  172 
Horses,  13,  25,  27,  57,  98 
Horticulture,  250 
Hotdogs,  179 
Hotels,  222 
Humidity,  166 
Hungary,  5 
Hunger:  47,  238,  284;  world, 

248-258 
Hussey,  Obed,  25 
Hybrid  corn,  5 
Hybridomas,  127 
Hydrocooling,  165 
Hydrogen  peroxide,  171 
Hypertension,  196 

Iceboxes,  29 

Ignoffo,  Carlo  M.,  125-127 
Immunology,  119 
Imports:  216;  food,  238,  274 
India,  5,  6,  28,  245,  247,  248, 

254,  255-256 
Industrial  Revolution,  13 
Inflation,  56,  293 
Influenza,  120 
Inoculum,  83 

Insecticides,  85-86,  125,  146 
Insects,  80,  81,  84,  164 
Inspections,  227 
Institute  of  International 

Education,  248 
Insulation,  151 
Insurance,  223 
Integrated  Pest  Management 

(IPM),  84-87 
Intensive  Agricultural 

District  Program,  257 
International  Development 

Association  (IDA),  268 


International  Emergency 

Food  Reserve,  245 
International  Finance 

Corporation  (IFC),  268 
International  Food  Policy 

Research  Institute,  261 
International  Fund  for 

Agricultural  Development 

(IFAD),  269 
Ireland,  28 
Iron,  92,  147 
Irradiation,  56,  200 
Irrigation:  50,  55,  62,  64,  72- 

74,  139,  219,  250; 

cropland,  121; 

supplemental,  290 

Jackson,  Rav  D.,  116-118 
Japan:  12,  46,  219,  222,  236, 
244,  246,  247,  272,  279, 
289;  soybean  sales,  42 
Jefferson,  Thomas,  25,  57 
Jensen,  Marvin  E.,  72-74 
Jordan,  250 

Juice:  lemon,  192;  sterilized, 
170-171;  tomato,  204 

Kairomones,  82 
Kamprath,  Eugene  J.,  70-72 
Kampuchea,  245,  288 
Klopfenstein,  Terry,  106-107 
Knapp,  Seaman  A.,  58 
Knipling,  E.  F.,  105 
Korea,  244,  279 
Kriesberg,  Martin,  266-273 

Labels,  196 

Lagoons,  153 

Lakes,  139 

Lambs,  164,  189,  205,  237 

Land:  unused,  155;  use 

change,  145 
Land-Grant  Act,  57 
Land-Grant  Bill,  57 
Land-Grant  colleges,  57,  59, 

248 
Lane,  John,  25 
Latin  America,  249,  270 
Lead,  147 
Legislation,  47 
Legumes,  24,  122 
Lemons:  220;  juice,  192 
Lettuce,  165,  168,  173,  220 
Libby,  William  F.,  200 
Liberia,  250 
Light,  146 
Lime,  27,  107 
Limited  tillage,  290 
Lincoln,  Abraham,  57 
Livestock:  52,  105,  208; 

commodities,  56;  hazard, 

147;  performance  testing, 

60;  production,  50 
Loans,  268 


299 


Looper,  J.  Don,  2-8 
Lovell,  Richard  T.,  128-130 
Lye,  107 

Machinery,  216 

Mackie,  Arthur  B.,  274-280 

Magnesium,  145 

Maize,  23 

Mali,  47 

Malnutrition,  238,  245 

Malthus,  5 

Mammals,  80 

Manfredi,  Eileen  Marsar, 

211-219 
Manganese,  147 
Manufacturers,  190 
Marek's  disease,  96,  100 
Margarine,  201 
Marion,  Bruce  W.,  190-197 
Marketing:  158,  198-206; 

declines,  203 
Marshall  Plan,  248 
McBride,  Judy,  116-130 
McCormick,  Cyrus  H.,  25 
McDaniel,  Ben  T.,  107-109 
Meat:  29,  46,  47,  62,  118, 

151,  164,  173,  218;  chilled, 

166;  ground  47;  growing 

demand.  219;  wholesale, 

205 
Mediterranean  fruit  fly,  272 
Mengeling,  William  L.,  99- 

100 
Mercury,  147,  168 
Metal,  23,  216 
Mexico,  105,  254 
Microbes:  112-113,  123,  125; 

yeast,  119 
Microcomputer,  186 
Micronesia,  59 
Microorganisms,  125,  164, 

170,  195 
Microwave;  oven,  198; 

signals,  183 
Milk:  28,  62,  94,  107,  113, 

118,  130,  151,  162,  165, 

201;  nonfat  dry,  243; 

sterilized,  170,  171 
Millets,  23,  255 
Minas  Gerais,  251 
Minyard,  Jimmy  D.,  230-237 
Mites,  80,  84,  127 
Moisture,  146 
Mollusks,  153 
Molybdenum,  147 
Mononucleosis,  100 
Mosquitoes,  127 
Mount  Vernon,  57 
Mules,  13,  27,  57 
Multiple  cropping,  65,  68-70, 

264 
Mushrooms,  171 
Musick,  J.  T.,  72-74 
Mycorrhizae,  72 


National  Agricultural  Lands 

Study,  149,  289 
National  Cheese  Exchange, 

193 
National  Resource  Inventory 

(NRI),  39 
Near  East,  249 
Nelson,  R.  R.,  82-84 
Nematodes,  80,  81,  84,  125 
New  York  Times,  3 
Nickel,  147 
Nigeria,  212 

Nightingale,  Ray,  248-258 
Nitrogen,  71,  122,  123 
Nitrogen  fertilizer,  122,  123, 

124 
Nitrogen  fixation,  55,  290 
Nonconference  vessels,  228 
Northern  jointvetch,  81 
Norway,  246,  247 
No-tillage  system,  68 
Nutrients:  141;  plant,  65 
Nutrition,  46,  199,  272 
Nuts,  167,  208 

Oats,  24,  218 
O'Brien,  Patrick,  30-41 
O'Flynn,  Donnel,  211-219 
Ogaden,  288 
Oil:  124,  216,  246;  castor, 

150;  cooking,  201; 

embargo,  52;  imports,  47; 

soybean,  243;  sperm 

whale,  150;  vegetable,  254 
Oilseed,  36,  39,  282 
Onions:  173,  220; 

dehydrated,  171;  dry,  166; 

green,  172 
Oranges,  220,  227 
Orchards,  91 
Ouye,  Milton  T.,  79-82 
Owens,  L.  D„  124-125 
Oxen,  57 
Oxygen,  169,  205 
Oysters,  130 
Ozone,  90 

Paarlberg,  Don,  282-293 
Packaging,  199 
Padberg,  Daniel  I.,  176-181 
Pakistan,  245,  254 
Pamakani  weed,  81 
Panama,  250 
Papain,  202 
Papayas,  167 
Parameterization,  185 
Parasites,  104,  125 
Paris,  237 
Parsley,  172 
Parsnips,  172 
Particle  board,  151 
Pastas,  47 

Pastureland,  131,  150 
Pathogens,  64,  82 


Peace  Corps,  The,  251 

Peaches,  81 

Pears,  167 

Peas:  24,  122,  172,  194; 

biological  control,  82 
Peppers,  172 
Persia,  5 
Pesticides,  39,  42,  65,  141, 

276,  291 
Pests:  64;  biological  control, 

79-82;  integrated 

management,  84-87 
Petroleum,  130 
Pheromones,  87 
Philippines,  6,  245,  254 
Phillips,  S.  H.,  68-70 
Phosphorus,  72,  92 
Photosynthesis,  55,  124,  205, 

290 
Pickles,  167,  171,  202 
Pickling,  164 
Pigs,  95,  98,  106,  205 
Pizza,  170 

Plants:  124;  nutrients,  65 
Plasmid,  120 
Plastics,  150 
Plows:  24;  cast-iron,  25 
Plywood,  151 
Point  Four  program,  248, 

255 
Policies,  47 
Pollutants,  90 
Pollution,  141 
Polyphosphates,  167 
Population:  212;  farm,  13; 

growth,  32,  219;  rapid 

increase,  287;  reverse  flow, 

133 
Porcine  parvovirus,  99 
Pork:  62,  130,  164;  growing 

demand,  219 
Potatoes:  23,  78,  169,  173; 

French  fries,  176;  sweet, 

212 
Poultry:  47,  95-96,  164; 

chilled,  166;  growing 

demand,  219;  prices,  50; 

producers,  127 
Poverty,  47 
Preservation,  199 
Protein,  92,  113 
Protozoans,  80,  125 
Public  Law  480:  27,  230, 

242,  279 
Public  relations,  233 
Puerto  Rico,  59 
Pulpwood,  151 
Purchase,  H.  Graham,  100- 

101 
Putnam,  Paul  A.,  116-130 

Quantity,  223 
Quotas,  222 
Quotations:  price,  223 


300 


Rabbits,  98 

Ragi,  256 

Railroads,  17,  29,  175,  193, 

227 
Rain:  65,  110,  153,  256;  acid, 

147 
Range  grass,  78 
Rangeland,  131,  150 
Rasmussen,  Wayne  D.,  23-29 
Reaper,  25 
Reduced  tillage,  290 
Refrigeration:  56,  164,  201; 

diesel-powered,  175 
Refrigerators:  29;  home,  166 
Regional  Development 

Banks,  270 
Research,  255,  259 
Reservoirs:  139;  capacity, 

144 
Resources  Protection  Act, 

151 
Restaurants,  173,  176,  184, 

191,  222 
Retailers,  190 
Retortable  pouch,  200 
Reynolds,  H.  T„  84-87 
Riboflavin,  92 
Rice:  10,  18,  23,  43,  122, 

208,  218,  243,  253; 

exports,  42;  improved 

varieties,  254;  northern 

jointvetch,  81;  price 

increases,  47;  short  season 

variety,  258;  high-yielding 

varieties,  262 
Rice  Research  Institute,  258 
Richmond,  Daleen  D.,  220- 

229 
Ricker,  Harold  S.,  198-206 
Rickettsial  organisms,  80 
Rill  erosion,  142 
Rivers,  139 
Robots,  205 
Rockefeller  Foundation,  254, 

256 
Rodents,  84,  164 
Rome,  3,  27,  261 
Root  knot  nematode,  81 
Root  zone,  73 

Rousseau,  Jean-Jacques,  131 
Rubber,  150,  216 
Ruff,  M.  D.,  127-128 
Rumen,  112 

Ruminants,  106,  112,  255 
Rye,  24 

Sahara  desert,  215 
Salinization,  133 
Salmon,  130 
Salt,  195,  215 
Samoa,  59 

Santa  Gertrudis,  102 
Satellites,  117,  183 
Satter,  Larry  D.,  112-114 


Saudi  Arabia,  247 
Sauerkraut,  171,  202 
Scours,  114 
Screwworm,  104 
Seafood,  153,  167 
Sediment,  141 
Seidel,  George  E.,  Jr.,  97-98 
Selenium,  147 
Senegal,  245 
Shaughnessy,  Daniel  E.,  42- 

48 
Sheep,  25,  98,  106 
Sheet  erosion,  142 
Shellfish,  153 
Shelterbelts,  145 
Shirt-sleeves  diplomacy,  250 
Shorthorn,  102 
Shrimp,  130 
SIAL,  237 
Sickles,  23 
Sight  draft,  229 
Skeleton  weed,  81 
Smith-Lever  Bill,  59 
Snails,  81 

Snow:  153;  acid,  147 
Sodium,  145 
Sodium  hydroxide,  107 
Soil,  65,  210 
Soil  and  Water  Resources 

Act,  148 
Somalia,  245 
Sorghum:  23,  60,  69,  122, 

218,  236,  243,  255;  grain, 

73,78 
Soup,  167,  170 
South  Asia,  219,  249 
South  Korea,  219 
Soviet  Union,  2,  46,  78,  230 
Soybeans:  2,  16,  18,  42,  43, 

61,69,70,  122,  156,  201, 

218;  cyst  nematode,  81; 

northern  jointvetch,  81; 

oil,  243;  yield,  64 
Soy  sauce,  171 
Spaghetti:  211;  sauce,  170 
Spain,  237,  244,  247 
Sperm  whale  oil,  150 
Spices,  215,  216 
Spinach,  172 
Squash:  89;  winter,  166 
Sri  Lanka,  215 
Steak,  113 
Steamboats,  29 
Steffens,  George  L.,  88-90 
Straw,  256 
Strawberries,  90 
Stream  bank  erosion,  142 
Streams,  139 
Strip  cropping,  145 
Sucrose,  203 
Sudan,  245,  288 
Sugar,  193,  195,  203,  215, 

216,  254 


Sugarbeets:  122;  biological 

control,  82 
Sulfate,  145 
Sundquist,  W.  B.,  10-21 
Supermarkets,  29,  168,  173, 

176,  177 
Superovulation,  97 
Swamps,  139 
Sweden,  246,  247,  272 
Sweet  potatoes,  212 
Swine:  92;  porcine 

parvovirus,  99 
Switzerland,  246,  247 

Taiwan,  219,  244,  258 
Tallent,  William  H.,  198-206 
Tangerines,  168 
Tankersley,  Howard  C,  148- 

156 
Tannins,  113 
Tapeworms,  125 
Tariffs,  222 

Taxes:  159;  property,  138 
Tea,  20,  213,  215,  216,  220 
Teigen,  Lloyd  D.,  50-56 
Telephones,  183 
Telex,  226 
Tempeh,  202 
Temperature,  146,  166 
Terraces,  145,  290 
Terrain,  215 
Thailand,  253,  288 
Thiamine,  92 
Thomas,  G.  W.,  68-70 
Ticks,  125 
Tillage:  290;  methods,  141; 

practices,  64,  65 
Tilth,  144 
Timber,  149 
Timor,  288 

Titles  I,  II,  III,  244-245 
Tobacco,  10,  12,  57,  216,  253 
Tomatoes,  167 
Tomato  juice,  204 
Topsoil,  65,  141 
Tractors,  13 
Trade:  48,  210;  balance,  18, 

216;  fairs,  236;  foreign, 

162 
Trade-balance,  18,  216 
Trade-offs,  44,  56,  151,  247 
Trains,  164 
Tramp  carriers,  228 
Transportation:  131,  173; 

costs,  182 
Triticale,  290 
Trout,  130 

Truman,  President,  248 
Trucks,  164,  227 
Tubers,  212 

Turkeys,  14,  23,  95,  96,  247 
Turnips,  172 
TV,  187,  206 


301 


UNICEF,  270 

United  Nations  Development 

Program,  261 
Urbanization,  282 
Urea,  113 
U.  S.  Meat  Export 

Federation,  237 
USSR,  6,  222 

Vaccines,  119,  120,  127 
Valentine,  R.  C,  124-125 
Vectors,  124 
Vegetables:  29,  56,  121,  164, 

193,  208,  220;  irrigation, 

145 
Vending  machines,  179 
Vessels,  228 
Vicosa,  251 
Vinegar,  171 
Viral  hepatitis,  120 
Virgin  Islands,  59 
Viruses,  80,  81,  91,  125 
Vitamins,  92 
Vollrath,  Thomas  L.,  274- 

280 
von  Elbe,  Joachim,  190-197 

Warehouses,  173 
Washington,  George,  57 
Washington  Post,  The,  3 
Wasps,  parasitic,  81 
Water,  72,  120-122,  139 
Waterfowl,  153 
Water  hyacinths,  81 
Waterways,  194,  290 
Weather,  42,  52,  241,  291 
Weber,  Deane  F.,  122-123 
Weeds,  64,  81,  84 
Weevils,  127 
Western  Europe,  12,  222, 

289 
Western  World,  288 
Wheat:  18,  23,  24,  61,  73, 

122,  208,  218,  237,  243, 

253,  255;  exports,  42; 

high-yielding  varieties, 

262;  price  increases,  47; 

winter,  69 
Whey,  204 

Whyte,  William,  131-140 
Wild  beets,  78 
Wildlife,  144,  153 
Willham,  Richard  L.,  111- 

112 
Wilson,  Woodrow,  59 
Windbreaks,  145 
Wind  erosion,  143 
Wine,  28,  171,  216,  237 
Wine  Institute,  237 
Winter  barley,  89 
Winter  squash,  166 
Witchweed,  81 
Wood,  Jethro,  25 


World  Bank,  261,  266,  268- 

272 
World  Food  Conference,  3, 

238,  266 
World  Food  Council,  266 
World  Food  Program,  245, 

269 
World  Health  Organization 

(WHO),  270 
World  War  II,  5,  26,  29,  32, 

33,  248 
Wright,  Lloyd  E.,  141-147 

Yams,  212 
Yeast,  119 
Yields,  35 
Youth  Corn  Clubs,  59 

Zero  tillage,  290 

Zinc,  147 

Zones:  estuarine,  153;  root, 

73 
Zucchini,  168 


LC  81-600143 


■ft  U.S.  GOVERNMENT  PRINTING  OFFICE  :  1981  O  -  354-415 


302 


